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Introduction 1
1 Introduction
More than 47 % of the agricultural areas of the European Union are characterized as high or
very high risk for soil surface sealing. Furthermore approximately 59 % of the soils are prone
for erodibility. Therefore the decrease of soil erosion must be a priority of the environmental
and sustainable agricultural policy (Le Bissonnais et al., 2005).
In farmed areas the soil surface presents in general a vital interface that receives physical
(e.g. tillage, raindrop impact) and chemical (e.g. herbicide, pesticide) impacts
(Franzluebbers, 2002a). Furthermore the pore size distribution in the upper 15 cm of the soil
surface is affected by tillage systems (Bescansa et al., 2006). According to the management
system the biotic and abiotic conditions on the soil surface can change (Dolan et al., 2006)
and it is important to understand the microbial processes occurring under different
management systems (Melero et al., 2006). Much emphasis has been placed on the soil
surface, because in this layer processes such as infiltration, erosion, and gas exchange take
place (Green et al., 2006).
The soil structure and therefore aggregation is a key factor to soil organisms, crop production
(Langmaack, 1999) as well as water infiltration and thus preventing soil erosion
(Franzluebbers, 2002b, Le Bissonnais, 1996; Pinheiro et al., 2004; Youngs and Leeds-
Harrison, 1990). The aggregate breakdown in general causes soil surface sealing and after
drying out, surface seals will form crusts (Agassi et al., 1981; Bohl and Roth, 1993; Slattery
and Bryan, 1994). Therefore the soil surface structure is one of the major factors controlling
runoff and subsequently water erosion for cultivated soils and it is furthermore a very
important threat to sustainable agriculture (Farres, 1987; Le Bissonnais et al., 2005; Lecomte
et al., 2001). However the description of soil structure is still a challenge for soil scientists
(Clivati-McIntyre and McCoy, 2006) because of structural complexity as well as the lack of
standard methods (Hamblin, 1991).
The state of the soil surface requires careful attention. Soil enzymes have been used as
indicators of soil quality and biochemical changes due to agricultural management. Only little
information is available of the long-term dynamics of soil enzymes and the relationship to
dynamic processes at the soil surface. Kandeler et al. (1996) showed that the study of
enzyme diversity and their associated activities provides an effective approach to examining
functional diversity in soils. Thus microorganisms are suggested to respond very sensitive to
changes in environmental conditions (Dilly and Nannipieri, 2001). Some enzymes are more
sensitive to soil management changes and alter more quickly than others, whereas the acid-
phosphatase and ß-glucosidase are known to be more susceptible to variations of tillage
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practices (Green et al., 2006). The enzymes acid-phosphatase and ß-glucosidase carry out
specific hydrolyses and were selected in these experiments because they catalyze reactions
involved in the biogeochemical transformations of P and C and are likely to be an essential
component of any assessment of soil microbial and substrate mineralization (Taylor et
al., 2002). In addition these enzymes are highly sensitive to abiotic (e.g. climate) and biotic
(e.g. aeration) factors which are influenced from management practices (Bandick and Dick,
1999; Dick, 1994; Dick et al., 1996; Green et al., 2006; Schinner and Sonnleitner, 1996a).
In the following chapters the effect of conventional and organic farming management
systems on soil quality properties such as enzyme activity of acid-phosphatase and ß-
glucosidase, microbial carbon and organic content, pH-value, nitrogen content, Cmic/Corg
ratio, C/N ratio and the susceptibility to soil surface sealing are discussed. These biotic and
abiotic parameters where chosen, because Knight and Dick (2004) as well as Schinner and
Sonnleitner (1996b) mentioned that in addition to the enzyme activity the assessment of
other biotic and abiotic factors is essential to fully evaluate the soil capacity. Furthermore
Green et al. (2006) state that these factors are sensitive to soil management in the surface
layer as well as fast and easy determinable.
The objective of this study is to improve the understanding of soil microbiological and soil
physical dynamic changes in different management systems. Two organic farming sites with
different dates of conversion from conventionally to organic farming were chosen as well as
one conventional farming site.
To evaluate the potential for organic farming, the study was undertaken in field and
laboratory experiments on comparable soils with different land use histories. This dissertation
is based on 4 hypotheses:
1. The management system has an influence on the dynamic biotic processes at the
soil surface
2. The management system has an influence on the dynamic abiotic processes at
the soil surface
3. The management system have a considerable impact on soil aggregation and
runoff patterns
4. The soil enzyme activities of acid-phosphatase and ß-glucosidase are useful
indicators for changes in the management system
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2.1 Soil enzymes
In general the soil enzymes are the most important mediators of biological processes in soil
(Marx et al., 2001). They are primarily of microbial source, but could also originate from
plants and animals (Tabatabai, 1994). Enzymes are proteins which catalyze biochemical
reactions and play an important part in nutrient cycling and in the initial phases of
decomposition of organic matter in soils (Acosta-Martinez et al., 2003a, b; Beck and
Beck, 2000; Kiss et al., 1975; Marx et al., 2001). They convert nutrients from unavailable
forms to easily assimilate nutrients for plants and microorganisms (Pinton et al., 2001; Marx
et al., 2005). Beck and Beck (2000) as well as Dick and Tabatabai (1978) indicate that the
activation energies of enzyme catalyzed reactions in soil is lower than of non enzyme
catalyzed reactions. The reaction rate of enzyme catalyzed reactions related to substrate
concentration can be described by the Michaelis-Menten equation. According to Briggs and
Haldane (1925), Nelson and Cox (2000) and Michaelis and Menten (1913) the Michalis-
Menten kinetic model is only valid when the concentration of enzyme is much lower than the
concentration of substrate.
Skujins (1976) built up a schematic diagram that shows the components of the enzyme
activity in soils (Fig.1).
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Fig. 1 Scheme of the composition of soil enzyme activities*
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According to Figure 1 the enzymatic activity in soil is a result of the activity of accumulated
and continuously released extracellular enzymes produced by microorganisms and plant
roots, as well as from endocellular enzymes derived from microorganisms, plant roots and
soil fauna (Burns, 1982; Kiss et al., 1975; Criquet et al., 2004). According to Schinner and
Sonnleitner (1996a) as well as Tabatabai (1994) the microorganisms are supplying most of
the soil enzymes, because they have a large biomass and a high metabolic activity which
allows them to produce and release more extracellular enzymes than plants or animals.
In general soil enzymes are divided into:
? Intracellular (biotic) enzymes; which occur in living cells, are associated with active
microorganisms or occur in dead cells (Beck and Beck, 2000; Dick, 1997; Schinner
and Sonnleitner, 1996b)
? Extracellular (abiotic) enzymes; they are either free or absorbed by clay minerals or
incorporated into humic colloids (Alef, 1991; Beck and Beck, 2000; Nannipieri et al.,
2002; Skujins, 1976; Tabatabai, 1994).
The extracellular enzymes are the main resources by which soil microbes degrade complex
organic compounds into smaller molecules which can be assimilated by plants and
microorganisms (Allison and Vitousek, 2005).
The activity rates of all soil enzymes are depending on temperature, pH and the presence or
absence of inhibitors as well as activators. Each enzyme has a pH-value and temperature
scale, at which the activity rate is optimal and at each side of this optimum the rate is lower.
They are denatured by extreme pH in soils and enhanced temperatures (Tabatabai, 1994)
between 60 °C and 70 °C (Frankenberger and Tabatabai, 1980, 1981; Tabatabai and Dick,
1979).
According to Pinton et al. (2001) the enzyme activity in the rhizosphere is in general higher
than in bulk soil. This is a consequence of organic exudates, passively or actively released
by plant roots, which stimulate microbial activity and thus enzyme production. Root exudation
is according to Renella (2006) the major factor for microbial activity and community structure
in the rhizosphere. Furthermore Burns (1982) and McLaren (1975) show that the total
enzymatic activity is influenced by organic and mineral parts in the soil as well as in the
rhizosphere, because free enzymes can be adsorbed on organic and mineral constituents.
Depending on their location in soil, the enzymes are more or less sensitive to environmental
changes (Nannipieri et al., 2002). In general the soil enzyme activities vary with the cropping
and management system (Bandick and Dick, 1999; Ekenler and Tabatabai, 2003b; c; Knight
and Dick, 2004), can indicate soil property changes early (Powlson et al., 1987; Acosta-
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Martinez and Tabatabai, 2000a, b), and are strongly linked to microbial activities (Deng and
Tabatabai, 1996a, b; Klose et al., 1999; Klose and Tabatabai, 2000). On the basis of these
findings, enzymes could be used as an indicator for ecosystem health, soil biological quality
and soil quality in general (e.g. Badiane et al., 2001; Bandick and Dick, 1999; Deng et al.,
2000; Dick, 1997; Dick and Tabatabai, 1992; Dilly, 1994; Ekenler and Tabatabai, 2004; Stott
and Green, 2002; Verchot and Borelli, 2005). It should be recognized that the use of one
simple index for soil quality is not enough (Sojka and Upchurch, 1999), because enzyme
activity is also linked to the distribution of other biological, chemical and physical properties
such as soil moisture and organic matter content (Bergstrom et al., 1998; Knight and Dick,
2004). Knight and Dick (2004) suggested that further research is necessary to understand
which mechanisms are responsible for the enzymes to expand the enzyme analyses as a
tool to guide sustainable soil management.
2.1.1 Phosphatases
Phosphorus (P) is a key nutrient for plant growth and can be utilized from plants only in
inorganic form (Tate, 1984), therefore the release of bioavailable P (inorganic form) from the
phosphatases is a major source in various ecosystems (Drouillon and Merckx, 2005;
Tabatabai, 1994). Among the hydrolases, phosphatases are widely distributed in soil (Dodor
and Tabatabai, 2003) and play a key role in mineralization of organic to inorganic
phosphorus (Beck et al., 1989), P cycling and plant nutrition (Tabatabai, 1994; Klose et al.,
2003; Tate, 1984). The enzymes are generally found in plant roots, microorganisms and in
extracellular forms in soil (Criquet et al., 2004). According to Tabatabai (1994) phosphatases
are mostly a source of microorganisms and could be used as an indicator of microbial activity
(Frankenberger and Dick, 1983). In general the phosphatases describe enzymes that
catalyze the hydrolysis of organic phosphomonoester to inorganic phosphorous (H2PO4- and
HPO42-), making it available for plant uptake (Alef and Nannipieri, 1995; Amador et al., 1997;
Ekenler and Tabatabai, 2003b; Kramer and Green, 2000; Schmidt and Laskowski, 1961;
Tabatabai, 1994).
Researchers who worked with phosphatases test also their correlations with other factors to
find possible interactions. Therefore Clarholm (1993) suggests that phosphorus (P)
fertilization inhibits phosphatase activity and that available nutrients often correlate negatively
with the activities of nutrient-releasing enzymes (Chróst, 1991; Sinsabaugh and Moorhead,
1994). Schinner et al. (1996) stated that while some researchers found negative correlations
between phosphatase activity and organic P other authors found positive relations between
these two variables. However Criquet et al. (2004) found no significant correlations between
the activity of acid-phosphatase and the water-extractable P during one year of collection time.
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The missing correlation between the enzyme activity and inorganic P may be related to the
reason that P is often not a limiting factor. Some other substrates (C, N) or interferences from
humic substances could rather limit the phosphatase production (Olander and Vitousek, 2000).
Allison and Vitousek (2005) suggest, that only one substrate could never increase the
microbial biomass and enzyme activity significantly. However Harder and Dijkhuizen (1983)
find if available nutrients are limited, microbes can generate enzymes to activate resources
from complex sources.
The Nomenclature Committee of the International Union of Biochemistry and Molecular
Biology (NC-IUBMB, 2006) lists all enzymes according to the common names along with
their EC numbers. According to the classification of the NC-IUBMB, Schinner and
Sonnleitner (1996b), and Tabatabai (1994) classify the soil phosphatases into five major
groups:
? phosphoric monoester hydrolases (EC 3.1.3),
? phosphoric diester hydrolases (EC 3.1.4)
? triphosphoric monoester hydrolases (EC 3.1.5)
? enzymes acting on phosphoryl containing anhydrides (EC 3.6.1)
? enzymes acting on P-N bonds (EC 3.9)
The phosphoric monoester hydrolases (EC 3.1.3) are classified as neutral- and alkaline-
phosphatase (pH 7-11) (orthophosphoric monoester phosphohydrolase, pH 11, EC 3.1.3.1),
and acid-phosphatase (pH <7) (orthophosphoric monoester phosphohydrolase, pH 6.5,
EC 3.1.3.2) according to their pH optimum (Acosta-Martinez et al., 2003a; Beck and Beck,
2000; George et al., 2002; Schinner and Sonnleitner, 1996b; Verchot and Borelli, 2005). Due
to the pH optimum the acid-phosphatase has been studied extensively (Dodor and
Tabatabai, 2003).
Acid-phosphatase (EC 3.1.3.2)
The phosphatases can originate from different sources. The main sources are
microorganisms such as bacteria, fungi or protozoa, plant roots and animals. The plant roots
may constitute the main source of acid-phosphatase (Juma and Tabatabai, 1988; Criquet et
al., 2004; Tarafdar and Marschner, 1994).
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The acid-phosphatase (EC 3.1.3.2) is a phosphoric monoester hydrolase (EC 3.1.3) and acts
on ester bonds (Deng and Tabatabai, 1997). Other name(s) of the acid-phosphatase are
(NC-IUBMB, 2006):
? acid-phosphomonoesterase
? phosphomonoesterase
? glycerophosphatase
? acid-monophosphatase
? acid-phosphohydrolase
? acid-phosphomonoester hydrolase
? uteroferrin
? acid nucleoside diphosphate phosphatase
? orthophosphoric-monoester phosphohydrolase
The reaction catalyzed by acid-phosphatase is in general (NC-IUBMB, 2006;
Tabatabai, 1994; Schinner and Sonnleitner, 1996a):
Phosphate monoester (ß-Nitrophenylphosphat) + H2O? ROH (p-Nitrophenol) + Phosphate
Studies by Eivazi and Tabatabai (1977) and Dick et al. (2000) on the distribution of
phoshomonoesterases in soils show that acid-phosphatase (pH <7) activity was predominant
in acid soils (George et al., 2002), suggesting that the rates of synthesis and release of these
enzymes by soil microorganisms are related to soil pH and moisture distribution (Turner et
al., 2002). Studies of Deng and Tabatabai (1997c) show that the soil pH value is in a narrow
acid range the acid-phosphatase activity is not significantly correlated with soil pH (R=0.20).
In general, the distribution of acid-phosphatase is depending on the soil depth. Stott and
Green (2002) found in accordance a higher activity in soil samples from the top 5 cm of soil
surface than in 5 to 20 cm and 20 to 30 cm, respectively.
The acid-phosphatase activity is frequently used to describe changes in soil quality due to
the management system sources. According to Ekenler and Tabatabai (2003b) the acid-
phosphatase is a sensitive indicator to show general changes in soil health and quality as a
result of agricultural practices and can be used as an index of quantity and quality changes
of organic matter in soils (Chen et al., 2000; Jordan et al., 1995; Bergstrom et al., 2000).
R  – O  – P  – O  +  H 2O? R  – O H  – H O  – P  – O -
O O
O -
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According to Boerner et al. (2005) the acid-phosphatase activity is an indicator for the overall
microbial activity. Deng and Tabatabai (1997), Dick (1984) and Dodor and Tababatai (2003)
report a significant relationship between the activities of acid-phosphatase and organic C in
soils under different tillage and rotation systems. Furthermore Yu et al. (2006) point out, that
the acid-phosphatase is significantly correlated to total organic C (P<0.001) and total P
(P<0.01). Deng and Tabatabai (1997) suggested that organic C plays an important role in
maintaining and protecting soil enzymes in their active forms. Stott and Green (2002)
showed a potential of acid-phosphatase as an indicator of aggregate stability.
2.1.2 Glycosidases
Glycosidases are enzymes which are involved in cycling of soil organic matter (OM) (Dodor
and Tabatabai, 2005). They are widely distributed in nature and detected in microorganisms,
animals, plants (Wallenfels and Weil, 1972) and soils (Skujins, 1976). The glucosidases in
soils are classified according the commission on enzymes of the International Union of
Biochemistry. The following glucosidases are predominant in soils (Dodor and Tabatabai,
2005):
?? ?-glucosidase (EC 3.2.1.20), which catalyzes the hydrolysis of ?-D-glucopyranoside
? ß-glucosidase (EC 3.2.1.21), which catalyzes the hydrolysis of ß-D-glucopyanoside
The ?-glucosidase and the ß-glucosidase are involved in the hydrolysis of maltose and
cellobiose. They produce sugars, which act as an important energy source for microorganisms
in soils (Acosta Martinez et al., 1999; Bandick and Dick, 1999; Knight and Dick, 2004
Tabatabai, 1994), and thus play an important role in the initial phases of decomposition of
organic C compounds (Klose et al., 2003).
The ?-galactosidase (EC 3.2.1.22) and ß-galactosidase (EC 3.2.1.23) are other soil
glucosidases, which catalyze the hydrolysis of melibiose and lactose, but compared to the
glucosidases they are not presented in significant levels (Dodor and Tabatabai, 2005).
In general the activity of glycosidases in soil is affected by management practices (Bandick
and Dick, 1999; Deng and Tabatabai, 1996b), because varying cropping systems alter the
soil environment in different extensions. Due to these findings, the activity of
glucosidases can be used as a sensitive indicator of changes in the soil environment
(Dodor and Tabatabai, 2005).
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ß-D-Glucosidase (EC 3.2.1.21)
The ß-D-glucosidase (other names according the NC-IUBMB (2006) are: gentiobiase;
cellobiase; emulsin; elaterase; aryl-b-glucosidase; ß-glucoside glucohydrolase; arbutinase;
amygdalinase; p-nitrophenyl ß-glucosidase; primeverosidase; amygdalase; limarase;
salicilinase; ß-1.6-glucosidase) is the most predominant enzyme among the glucosidases in
soils and plays a major and important part in C cycling (Eivazi and Tabatabai, 1990; Klose et
al., 2003). The ß-glucosidase is involved in the final step of cellulose degradation that
provides simple sugars (ß-D-glucose) for microorganisms in soils (Bandick and Dick, 1999;
NC-IUBMB, 2006) which are known as important energy sources for the growth of soil
microorganisms (Deng and Tabatabai, 1996b). The reaction involved is according to
Schinner and Sonnleitner (1996a) and Tabatabai (1994):
     Glucosides   +   H2O ?     ROH  (aglycons)  +   Glucose
Acosta-Martinez et al. (1999), Bandick and Dick (1999), Eivazi and Tabatabai (1990), Knight
and Dick (2004) as well as Ndiaye et al. (2000) show that the ß-glucosidase activity acts
sensitive to residue and soil management and is a good soil quality indicator, as well as it is
relatively stabile with seasons (Ndiaye et al., 2000). Dodor and Tabatabai (2003), Knight and
Dick (2004), Moore et al. (2000) and other researchers detected that the ß-glucosidase
activity is significantly correlated to the organic C content of soils. Furthermore Taylor et al.
(2002) pointed out that the activity of ß-glucosidase is a function of soil depth. They find
higher activity values at the soil surface (30 cm) compared to the deeper soil. Previous
work of Stott and Green (2002) shows that the activity in soil samples of 0 - 5 cm is higher
than in soil samples of 5 - 20 cm and 20 - 30 cm depth.
With regard to the enzymes involved in the carbon cycle, ß-glucosidase has been widely
used in the evaluation of soil quality changes due to different management procedures (Gil-
Sotres et al., 2005) and can be used to detect changes in soil management within a time span
1 to 3 years (Bandick and Dick, 1999).
+  H2O ? R –OH +
O
HO
HO
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2.2 Management systems
Since centuries tillage has been generally used to produce appropriate seedbeds to optimize
plant growth and productivity (Niewczas and Witkowska-Walczak, 2003; Zhang et al., 2006).
Soil tillage is a basic and important component of agricultural production technology
(Lal, 1985) and can be used as a tool to improve some soil related properties (Lal, 1991b).
However, tillage practices influence the upper segment of the soil profile and thereby the
allocation of residues (Allmaras et al., 1996), soil compaction, infiltration rate, soil surface
crusting, erosion, soil moisture and temperature regimes as well as pest management
(Lal, 1991b). According to Vanden-Bygaart et al. (1999) soil management practices can
affect processes occurring at multiple scales. The appropriate tillage system for a particular
soil has often positive effects and can decrease e.g. soil erosion or increase the available soil
water content for crop growth (Wendt and Burwell, 1985).
The soil is an essential natural resource that provides several important ecosystem functions,
e. g. (Karlen et al., 1997; Larson and Pierce, 1991)
? Sustaining biological diversity and activity
? Regulating water flow
? Storing and cycling of nutrients
Major environmental problems are soil degradation processes (Pagliai et al., 2004),
especially soil surface sealing or crusting, which are well known pedological problems in
cultivated soils in several regions of the world (Slattery and Bryan, 1994) and result in
agricultural (e.g. soil loss, limited water storage) and environmental (e.g. flooding)
consequences (Bresson et al., 2001). Soil surface crusting is generally seen as a
considerable causal factor of soil erosion on agricultural land (Kwaad and Mücher, 1994).
Le Bissonnais et al. (2005) stated that surface runoff is generated if the soil infiltration
capacity is lower than the precipitation rate and results in general in soil erosion. These
processes are characterized of excess rainfall water which transports soil and soil related
particles on the surface down slope. According to Auerswald and Kutilek (1998) soil erosion
is presumably the largest threat to the soil resource. Le Bissonnais et al. (2005) show that
more than 47 % of European soils can be classified as having high or very high crusting risk
and more than 59 % as having high or very high erosion risk. One of the main aims of
agricultural land management is the reduction of environmental impacts due to cultivation
practices and control soil structure degradation. Therefore soil degradation processes must
be reduced and put under control (Pagliai et al., 2004; Zhang et al., 2006). In recent years
the interest focused on improving the stability of soil structure, because the soil must retain
positive biological, chemical and physical properties when exposed to raindrop impact and
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other externally applied stresses (Connolly, 1998). Wander and Bollero (1999) state that soil
quality assessment strategies are needed to improve sustainable soils for agriculture use.
2.2.1 Soil quality concept
The soil quality concept is under constant development (Peixoto et al., 2006) and based on
the hypothesis that the management system can degrade, stabilize, or improve soil
ecosystem functions (Doran and Parkin, 1994; Larson and Pierce, 1991). They propose that
indicators for measuring the soil quality should reflect the capacity of soil functions (Fig. 2).
*CEC =Cation exchange capacity, ** modified after Seybold et al. (1998)
Fig. 2 The concept of soil quality**
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According to Dexter (2002) soil quality is strictly related to soil structure and much of the
environmental damage in intensive arable lands such as compaction, erosion and
desertification originate from soil structure degradation. Soil functions strongly depend on the
quality of soil structure. Maintaining a good soil surface structure enhances water infiltration
and reduces runoff of well drained soils (Bradford and Huang, 1994, Doran, 2002). According
to Franzluebbers (2002b) adequate soil management techniques can be expected to restore
ecosystem functions of previously degraded soils. The concept of soil quality has recognized
that soil organic matter is an important feature to control many of the soil key functions
(Arshad et al., 1999; Campbell et al., 1991; Doran and Parkin, 1994) such as soil
aggregation and water infiltration and control erosion (Franzluebbers, 2002b). Angers et al.
(1993) and Stott et al. (1999) propose that biological properties are important indicators of
soil quality and those microbial indicators, such as microbial biomass are more dynamic
indicators than those based on physical and chemical properties (Karlen et al., 1994; Peixoto
et al., 2006). In recent years, there has been increasing attention paid to conservation tillage,
which can improve soil quality (Gajri et al., 2002).
2.2.2 Tillage management
Increasing interest in long-term productivity of agro-ecosystems has emphasized the need to
develop management strategies that maintain and protect soil resources. Tillage and soil
surface management play an important role in sustainable management of soil and water
resources (Lal, 1991a). The issue is directly related to maintaining the quantity of soil organic
matter (Gregorich et al., 1997) as well as a critical component of soil productivity (Chander et
al., 1997). The different tillage and related crop residue management practices have a major
influence of organic matter (Duiker and Lal, 1999; Havlin et al., 1990; Robinson et al., 1994;
Wander et al., 1994; Wander and Traina, 1996). In recent times attention was focused on the
impacts that agricultural soil management practices had on biological and biochemical
properties of soils (e.g. Gregorich et al., 1994; Franzluebbers et al., 1995b). It has led
farmers to consider the possibility of adopting lower impact cultivation practices as an
alternative to conventional farming (Cannell and Hawes, 1994), because one of the main
consequence of long-term intensive cultivation is the degradation of soil structure (Pagliai et
al., 2004). The final choice which tillage management should be used depends on several
factors according to Lal (1991b) and is shown in Fig. 3.
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Fig. 3 Biophysical factors which affect the choice of the tillage system (Lal, 1991b)
In general mechanical tillage practices (e.g. seedbed preparation, controlling weeds) alter the
balance of air and water in soil and therefore affect plant growth (Arshad et al., 1999).
However plowing is efficient for control of perennial weeds and may be necessary where
these weeds are difficult to control by other means (Hakansson et al., 1998).
2.2.2.1 Conventional tillage
Moldboard plowing has been the traditional method of primary tillage for annual crops
(Moreno et al., 2006). The main objectives for this tillage management are to control weeds,
reverse soil compaction (Hakansson et al., 1998; Schutter and Dick, 2002) and to
incorporate and distribute crop residues in the arable soil layer (Bescansa et al., 2006;
Hakansson et al., 1998). Numerous researchers (e.g. Dalal and Mayer, 1977; Balota et al.,
2003; Elliott, 1986; Haines and Uren, 1990; Kay, 1990; Lal, 1991b; Tisdall and Oades, 1982)
have demonstrated that conventional farming systems of excessive tillage enhance risks of
soil erosion, increase rates of mineralization of soil organic matter and degrade soil structure,
and as a result, accelerate soil erosion. On sandy soils plowing is favorable, because the
plowing resistance is low and plowing as deep as 30 cm may reduce the need for other
measures to control perennial weeds (Hakansson et al., 1998).
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2.2.2.2 Conservation tillage
Conservation tillage management is characterized by a number of tillage practices which
have the potential to decrease soil degradation processes, relative to conventional tillage
management (Mannering and Fenster, 1983). In general conservation tillage has been
defined as any tillage system that maintains at least 30 % of the soil surface covered by
residue (Lal, 1997). The soil conservation management differs from the conventional
approach by reduced numbers of tillage operations and the maintaining residues at the soil
surface (Dolan et al., 2006; Moreno et al., 2006). Organic farming is according to Acosta-
Martinez et al. (2003a, b) a more sustainable farming system than conventional farming and
a change from inorganic fertilizer to organic forms causes changes in the soil fertility and can
affect plant growth. Mäder et al. (2002) described that in some European countries up to 8 %
of the agricultural area is managed organically according to European Union Regulation
(EEC) No. 2092/91. In general the seeds are inserted into the soil through plant residues with
no primary or secondary tillage (Gupta and Germida, 1988). These management practices
have the potential to maintain and improve soil quality (Balota et al., 2003; Zhang et
al., 2006). Many studies have shown that the effect of reduced and no-tillage management
systems in well established conservation tillage systems results in better soil structural
stability (Gupta and Germida, 1988; Wright and Hons, 2005) improves water infiltration which
causes a reduction of soil erosion and enhances water storage (Arshad et al., 1999; Bradford
and Huang; 1994; Moreno et al., 2006; Shipitalo et al., 2000; Smith et al., 2006; Wendt and
Burwell, 1985). Conservation tillage management leads to increased soil compaction
(Vanden-Bygaart et al., 1999) as a result that water infiltration may be similar or lower than
under conventional tillage systems due to initial compaction and lack of sufficient biological
activity in the first few years after conversion (Lindstrom and Onstad, 1984; Unger, 1992).
Beare et al. (1994a ; b), Dick (1983), Franzluebbers et al. (1995a), Halvorson et al. (2002)
and Lal et al. (1994) report an increase in soil organic C content in surface soils near the
rooting zone because of high-crop residue input and lack of soil disturbance. Conservation
tillage can increase soil aggregation (Paustian et al., 1997; Hendrix et al., 1998) as a result of
increased SOM content (Six et al., 2000). Reduced tillage usually results in an increase in
soil biological properties (Doran, 1980; Salinas-Garcia et al., 1997; Vanden-Bygaart et
al., 1999) and in earthworm numbers (Ehlers, 1975; Kladivko et al., 1997).
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3 Material and methods
3.1 Experimental location
The investigations took place in the federal state of Schleswig-Holstein (Germany) about
25 km north of Kiel near the Baltic Sea (25°29´ S; 10°04´ W, 25 m above sea level; Fig. 4).
The climate is influenced by the North Sea and the Baltic Sea (Dilly and Nannipieri, 2001).
The annual precipitation is approximately 774 mm and the average annual air temperature is
8.7 °C at the experimental station “Lindhof” (Neumann et al., 2004). The Schleswig-Holstein
landscape at the Baltic Sea, called “Östliches Hügelland” was modeled by the power of
glaciers during the Weichsel ice age (115.000 – 14.500 years ago) and melt waters
producing round-toped hills in northern Germany (Liedtke and Marcinek, 2002; Meynen and
Schmithüsen, 1962). The soils in this region show young moraine indices until today and
have been cultivated by farmers for centuries. The sites are framed by hedgerows, with
streams and small patches of woodland (Richter, 2005; Scharnweber, 2006).
Fig. 4 Location of the experimental station “Lindhof”
For the investigation two organic farming sites with different conversion dates from
conventional to organic management and one conventional management site (located
between 3 km distance) were chosen (Fig. 5):
1. Old Organic Farming (OOF) site:
Managed according the standards of the “Naturland” Association since 1997
2. Young Organic Farming (YOF) site:
Managed according the standards of the “Naturland” Association since 2004
3. Conventional Farming (CF) site:
Intensive production system since 40 years
100 km
Material and methods16
Fig. 5 Location of the Old Organic Farming (OOF), Young
Organic Farming (YOF) and Conventional Farming (CF) sites
3.2 Management systems
3.2.1 Organic Farming
The implementation of the definition of organic farming is based on the ‘Basic Standards for
Organic Agriculture and Processing’ of the International Federation of Organic Agriculture
Movements (IFOAM). These basic standards provide a framework for certification programs
world wide to develop their own national or regional standards. The soil cultivation at the Old
Organic Farming (OOF) and Young Organic Farming (YOF) site was characterized by disk
harrow cultivation in fall, sowing an intercrop between the vegetation periods and plowing in
spring (Table 1). The weed control at the organic farming sites was only mechanical.
Synthetic fertilizers as well as pesticides are not allowed at this management system. An
excerpt of the “Naturland” (http://www.naturland.de) standard for plant production is shown in
detail in Annex 1.
3.2.2 Conventional Farming
The Conventional Farming (CF) is an intensive farming system which involves plowing,
followed by secondary tillage operations to produce a fine seedbed. Additionally most of the
plant residue from the previous crop is removed. In the CF farming system pesticides and
fertilizers can be applied according to the rules of Good Agricultural Practice as defined by
the framework of German legislation (§ 17 Abs. 2 BBodSchG, 1998; BGBL. I. S. 118ff. 1996;
§ 2a Abs. 1 and 2 PflSchG, 1998; § 3d Abs. 1 BNatSchG, 1998). Regarding to the
management system and crop rotation the cultivation practices differed between the Old
Organic Farming, Young Organic Farming and Conventional Farming sites (Table 1).
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3.3 Field experiment
3.3.1 Cultivation practices
In Table 1 the cultivation practices at the Organic and Conventional Farming sites were
shown in detail for the year 2004 and 2005, as well as the crop rotation since 2001.
OOF* YOF* CF*
Intercrop 05/06
Main crop 2005
Intercrop 04/05
Main crop 2004
Intercrop 03/04
Main crop 2003
Intercrop 02/03
Main crop 2002
Intercrop 01/02
Main crop 2001
grass as catch crop
pea
green rye
oat
clover
clover
clover
winter wheat & clover
----
potatoes
spelt
pea
green rye
oat
clover
clover
clover
pea/summer barley silage
---
winter wheat
---
winter wheat
---
corn (zea mays)
---
winter wheat
---
winter rape (canola)
---
winter wheat
cultivation practices:
2005
2004
07. Apr.: harrow disc
12. Apr.: plowing &
               sowing pea
13.Apr.:   rolling
22. Aug.: harvest
25. Aug.: liming
02. Sep.: harrow disk
06. Sep.: ripper
07. Sep.: sowing grass as
                catch crop
04. Mar.: liming
18. Mar.: harrow disk
24. Mar.: phosphate
               fertilizer (P2O5)
31. Mar.: plowing
01. Apr.: sowing oat
28. Apr.: rolling
17. Aug.: harvest
23. Aug.: plowing
02. Sep.: sowing green
                rye
07. Apr.: plowing / harrow
               & sowing pea
18. Aug.: harvest
25. Aug.: liming
01. Sep.: harrow disc
15. Sep.: ripper
07. Oct.: plowing &
               sowing spelt
05. Apr.:  harrow disk
15. Apr.:  plowing and
                sowing oat
28. Apr.:  rolling
17. Aug.: harvest
03. Sep.: plowing
08. Sep.: sowing green
                rye
07. Feb.: 15m³ liquid
               manure (cattle)
20. Mar.: urea (CH4N2O)
24. Mar.: sulphur and
             potassium fertilizer
01. Apr.: potassic fertilizer
26. Apr.: urea (CH4N2O)
01. Jun.: urea (CH4N2O)
03. Jun.: herbicides
                (input / U46M /
                impulse)
18. Aug.: harvest
21. Aug.: liming
29. Aug.: liquid manure
               (cattle)
30. Aug.: plowing &
                sowing  winter
                rape
31. Aug.: pesticide
14. Apr.: liquid manure
              (cattle)
17. Apr.: plowing
18. Apr.: sowing corn
23. Apr.: urea (CH4N2O)
12. May: herbicide
              (gardo gold /
              Callisto)
11. Oct.:  harvest
14. Oct.: plowing &
               sowing winter
                wheat
*OOF=Old Organic Farming site; YOF=Young Organic Farming site; CF=Conventional Farming site
Table 1 Cultivation practices in 2004 and 2005, as well as crop rotation since 2001 at the OOF, YOF
and CF site
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3.3.2 Plot setup
At each site three core plots of 0.5 x 0.5 m surrounded by a buffer zone of 0.75 m width were
established in the cultivated field site (Fig. 6). The core and the buffer zone were kept free of
vegetation during the experimental periods in 2004 and 2005 to allow the maximum
development of soil crust. The selected experimental plots received the same cultivation
practices as the field crops.
* 0.5 x 0.5 m; ** 0.75 m width
Fig. 6 Core plot* and buffer zone** in three replications at each site
3.4 Rainfall experiment
Additional to the field experiment a rainfall experiment was conducted with the same soils
(filled in boxes) as used in the field experiment to analyze the runoff, the aggregation ratio as
well as other biotic and abitic factors under controlled precipitation conditions.
3.4.1 Rainfall tower
The rainfall tower (approx. 12m high) was build in the year 2003 to simulate the natural
rainfall under laboratory conditions. The rainfall simulator was placed at 9 meters height in
the rainfall tower. The rainfall simulator consisted of plastic (120 cm2 base area, 40 cm
height) with good dimensional stability (PVC with a material thickness of 1 cm). In the core
10000 cm2 of the base plate, 2500 capillaries with an external diameter of 2.5 mm and
internal diameter of 0.5 mm are bonded. The capillaries have a length of 2.5 cm and are
located to be exposed 0.5 cm inside and 1 cm outside the rainfall simulator. In each capillary,
wires of stainless steal with a length of 2.6 cm and an external diameter of 0.3 mm were
placed. Thirty centimeter below the rainfall simulator a mesh with an aperture size of 2 mm
was suspended (Fig. 7; Table 2).
0.5 m Core
plot 0.75 m
7 m
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Fig. 7 Rainfall tower, rainfall simulator (drop plate) and net at the sealing part of the rainfall tower as
well as soil boxes at the floor
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The drops of the rainfall simulator were destructed by the mesh below the drop plate and
new drops with drop size diversity between 0.125 mm and 5 mm were formed and fell down
to the soil erosion boxes which were placed under the rainfall simulator (Fig. 7). The
developed rain drops reached a velocity range of 0.2 m/s to 7 m/s and an average Ekin of
30.85 J m-2 h-1 (15 mm precipitation). The drop size as well as the drop velocity was
measured with a Laser Precipitation Monitor (Thies clima, Göttingen, Germany). All rainfall
experiments were conducted with collected rain water, which was stored in a rainwater
storage tank (2000 liter). The rainfall intensity could vary between 10 and 120 mm per hour
according to the water level in the rainfall simulator which was controlled with a float control
(Table 2).
Table 2 Technical details of the rainfall tower and rainfall simulator
Technical configuration Rainfall simulator
Area 10000 cm2
Capillaries 2500
Drop formation Mesh (2 mm aperture size) 30 cm below drop plate
Water supply Float control
Possible intensity range 10 - 120 mm/h
Height of fall 8.50 m
Capillary length 25 mm
Inside diameter 0.5 mm
Space between the capillary 20 mm
Stainless steal wire length 26 mm
Diameter of stainless steal wire 0.3 mm
Drop range 0.125 mm – 5 mm*
Average drop diameter 1.7 mm*
Velocity range 0.2 m/s – 7 m/s*
Average drop velocity 2.028 m/s*
Average Ekin for 15 mm precipitation 30.85 J m-2 h-1
*measured with a Laser Precipitation Monitor (Thies clima, Göttingen, Germany)
The surrounding floor was built with stainless steel grates to maintain a dry floor during the
rainfall experiment. The excess rain water was collected under the floor and pumped into the
gully. The soil boxes for runoff and erosion experiments were stored at the dry part of the
basement floor and were moved for the precipitation/erosion experiment into the middle of
the rainfall tower.
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3.4.2 Soil box setup
In the laboratory rainfall experiment the same soils as in the field experiments were used.
The soil was collected from the upper 10 cm of the soil surface of each field plot at 14-
October-2005, and afterwards filled in boxes of 80 cm to 90 cm in square and 40 cm height.
Each field site was represented by two boxes. After 4 weeks of natural subsidence soil
aggregates were manually placed at the soil surface to reach a comparable aggregation ratio
between the treatments. The aggregates placed at the soil surface were in dimensions
between 2 cm2 and 16 cm2. Prior to each rainfall event a slope of 6 % was adjusted by a
hydraulic jack to allow the origin of soil surface runoff. At the surface of each soil box an
inner unit (erosion plot) of 40 to 50 cm in rectangle was selected to measure the runoff at the
soil surface. 3 cm below the surface of each soil erosion box, temperature sensors as well as
probes to measure the matrix potential were placed to quantify the infiltrated rainwater.
Furthermore at the base of each box, four suction plates (EcoTech, Bonn, Germany) were
installed to control soil moisture in the soil box between the rainfall events (Fig. 8).
Fig. 8 Soil box setup with erosion plot, suction plates and suction control
3.4.3 Rainfall experimental setup
The rainfall experiment was conducted in 7 day intervals (10 times) with an intensity of
15 mm precipitation per hour for one hour duration. Between the rainfall intervals the soil
boxes were stored in the rainfall tower at 14 to 16°C, and the soil surfaces were dried with
fans for 6 days to reach the maximum development of soil crusting.
1 & 2    Tensiometer probes 3 cm bs
3          Gypsum block sensor 3 cm bs
4          Equitensiometer sensor 3 cm bs
5          Temperature sensors 3 cm bs
6 & 7    TDR probes 30 cm bs
8          Suction plates
bs = below soil surface
4
3
215
6 7
8
drain
Material and methods22
3.5 Soil sampling
Field experiment
The soil samples were taken from the buffer zone (three replications at each site) of the
upper 3 cm of the bare soil. In 2004 the sampling was conducted on the basis of the
vegetation period at the OOF, YOF and CF site. Samples at the OOF and YOF site were
taken biweekly from 30-April to 12-August and from 08-September to 10-November. The
sampling scheme included 126 samples at each of the organic farming sites.
At the CF site the soil sampling period ranged from 30-April to 10-November, also using a
biweekly interval. The overall number of samples from the CF site in 2004 amounted to 135.
In 2005 the soil sampling at all sites started at 03-February under a snow layer of 15 to
20 cm till 23-November-2005. Again, samples were taken biweekly, resulting in 198 per site
in 2005.
Rainfall experiment
The soil samples were taken weekly from upper 3 cm from the surrounded buffer zone a few
minutes before each rainfall experiments started. The last sample (sample number 11) was
taken seven days after the last rainfall event. This sampling scheme included 22 samples
each for the OOF, YOF and CF soil.
Soil storage
The soil samples were sieved through a 2 mm mesh and stored field moist at 4 °C until the
analyses were conducted. Studies of Ekenler and Tabatabai (2003a) as well Dodor and
Tabatabai (2005) indicated that the storage temperature and storage time showed no
influence on the enzyme activities. All results which are related to the soil weight were
referred to the soil dry weight after 48 hours at 105 °C (moisture free basis).
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3.6 Monitoring program – field and rainfall experiment
In Table 3 a general overview of the used methods at the field and rainfall experiment is
given.
Indicator Method Field experiment Rainfall experiment
Acid-phosphatase X X
ß-D-Glucosidase X XBiotic
Microbial carbon (Cmic) X X
Soil texture analysis X X
Soil surface roughness X X
Precipitation            X (n. c.*)         X (c.**)
Soil temperature            X (n. c.*)         X (c.**)
Organic Carbon (Corg) X X
Cmic/Corg ratio X X
Nitrogen (N) X X
C/N ratio X X
pH-value X X
Soil moisture content X X
Matric potential --- X
Abiotic
Runoff --- X
* n. c. = not controlled; ** c. = controlled
Table 3 Overview of the used methods at the field and rainfall experiment
3.6.1 Biotic Indicators
3.6.1.1 Enzyme activity
The enzyme activity at the field and rainfall experiment was determined as described by
Tabatabai (1994) in triplicate of each soil sample. This method is based on the colorimetric
determination of the p-nitrophenol released by acid-phosphatase or ß-glucosidase activity,
respectively. Corresponding to findings of Skujins (1976), who revealed that toluene stops
further enzyme synthesis reaction products by microorganisms during incubation time, no
toluene was used. To determine the enzyme activity without toluene was supported by
Bandick and Dick (1999) who analyzed the enzyme activity without toluene because of the
short incubation time. In addition, Klose and Tabatabai (2002a, b) showed that the acid-
phosphatase and glucosidase activity values of toluene-treated and untreated soil samples
were not significantly different.
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Acid-phosphatase (EC 3.1.3.2)1
One gram of sieved and field moist soil, 4 ml modified universal buffer pH 6.5 (MUB)2a and
1 ml of 0.05 M p-Nitrophenyl-phosphate solution3 were placed in a 50 ml Erlenmeyer flask
and shaken at 60 rpm on a rotary shaker at 37 °C. After 60 minutes the reaction was stopped
by addition of 1 ml 0.5 M CaCl2 and 4 ml 0.5 M NaOH. The suspension was filtrated
(Schleicher and Schuell, 595 ½) and 0.5 ml of the filtrate were diluted with 4.5 ml deionized
H2O. The filtrate absorbance was measured spectrophotometrically at 405 nm. The results
are expressed in units of micrograms of p-nitrophenol (PN) released per gram soil (moisture
free basis) per hour (µg g-1 h-1).
ß-D-Glucosidase (EC 3.2.1.21)1
One gram of sieved and field moist soil, 4 ml MUB pH 6.02b and 1 ml 0.05 M p-Nitrophenyl-ß-
D-glucoside4 were placed in a 50 ml Erlenmeyer flask and shaken at 37 °C and 60 rpm on a
rotary shaker. After one hour the reaction was stopped by addition of 1 ml 0.5 M CaCl2 and
4 ml 0.1 M TRIS (pH 12)5. The suspension was filtrated (Schleicher and Schuell, 595 ½) and
0.5 ml of the filtrate were diluted with 4.5 ml TRIS (pH 10)6 solution. The filtrate absorbance
was measured spectrophotometrically at 405 nm. The results are expressed in units of
micrograms of p-nitrophenol (PN) released per gram soil (moisture free basis) per hour
(µg g-1 h-1).
1   The Enzyme Commission (EC) numbers and enzyme names are according the recommendations
by the Nomenclature Committee of the International Union of Biochemistry and Molecular Biology on
the Nomenclature and Classification of Enzymes, (NC-IUBMB, 2006).
2   12.1 g tris (hydroxymethyl)-aminomethane, H2NC(CH2OH)3, 11.6 g maleic acid, C4H4O4 14.0 g citric
acid monohydrate, C6H8O7*H2O, 6.3 g boric acid, H3BO3, and 488 ml 1.0 M sodium hydroxide were put
in a 1000 ml volumetric flask and filled up with deionized water.
a) 200 ml MUB were placed in a 1000 ml Erlenmeyer flask and titrated with 1M HCl to pH 6.5 and filled
up with deionized water
b) 200 ml MUB were placed in a 1000 ml Erlenmeyer flask and titrated with 1M HCl to pH 6.0 and filled
up with deionized water
3   0.84 g C6H4NNa2O6P*6H2O (4-Nitrophenyl phosphate Disodium salt Hexahydrat, were placed in a
50 ml Erlenmeyer flask and filled up with MUB pH 6.5
4   0.654 g C12H15NO8 (4-Nitrophenyl-ß-D-glucopyranoside) were placed in a 50 ml Erlenmeyer flask
and filled up with deionized water
5   12.2 g H2NC(CH2OH)3 (tris hydroxymethyl-aminomethane,) were placed in 1000 ml filled up with
deionized water and titrated with 1 M NaOH to pH 12
6   12.2 g H2NC(CH2OH)3 (tris hydroxymethyl-aminomethane,) were placed in 1000 ml filled up with
deionized water
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3.6.1.2 Microbial carbon (Cmic)
The soil microbial carbon content at the field and rainfall experiment was determined with the
chloroform fumigation-extraction method (CFE) as described by Vance et al. (1987)7.
Microbial carbon for the fumigated and unfumigated samples was analyzed with three
replications per soil sample, each replicate consisting of 15 grams field moist soil sieved to
2 mm in a glass container. The containers for the fumigation were placed in a desiccator,
which was lined with freshly moistened paper towels to get a full moisturized atmosphere. In
addition to the soil samples 25 ml ethanol-free chloroform (822265, Merck Darmstadt) with a
few boiling chips were placed into the desiccator. The desiccator was sealed and evacuated
with a vacuum pump until the CHCl3 boiled vigorously. The evacuated desiccator was placed
in darkness at 25 °C for 24 hours. After the fumigation treatment the beaker of CHCl3 and the
moistened paper towels were removed. Afterwards, the desiccator was evacuated eight to
ten times with a vacuum pump to remove all traces of chloroform from the soils8.
To extract the microbial biomass carbon of the fumigated (treated with chloroform) and
unfumigated (field moist soil, not treated with chloroform) samples, 60 ml of 0.5 M K2SO4
were added and the samples were shaken for 30 minutes at 220 rpm. After shaking, the soil
suspension was passed through a filter (Schleicher and Schuell, 595 ½). The filtrate was
stored at -20 °C until the C content of the K2SO4 extracts was measured on a Shimadzu TOC
5000A soluble C analyzer. The microbial carbon was afterwards calculated as the difference
between the amount of Dissolved Organic Carbon (D.O.C.) extracted from fumigated and
unfumigated soil (Sparling and West, 1988; Tate et al., 1988; Vance et al., 1987), while the
original scaling factor of 2.64 according to Vance et al. (1987) was used.
Cmic = (D.O.C. fumigated soil sample – D.O.C. unfumigated soil sample) x K
D.O.C.:  Dissolved Organic Carbon
K:  2.64 (factor according to Vance et al., 1987)
Results are expressed in µg Cmic per g soil (µg g-1); moisture free basis
7 The benefit of this method was shown by Kaiser et al. (1995) and Joergensen (1995) who revealed
that this analyze is unaffected by soil water content.
8 After substrate addition the choroform funigation-extraction method should not be used directly,
because of the elevated C contents the proportionality between chloroform-labile C and biomass C is
not suitable (Witter and Dahlin, 1995)
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3.6.2 Abiotic Indicators
3.6.2.1 Soil texture analysis
The soil particle size distribution of the Ap-horizon was analyzed according to the German
DIN 19683 method (pipette method). The classification of the soil type was done according to
the FAO classification system (FAO/ISRIC/ISSS, 1998).
3.6.2.2 Soil surface roughness
For characterization of the soils surface
roughness images of the shaded surface of each
inner core were taken weekly with a consumer
digital camera (Olympus 5050zoom). For an
easier post processing a frame with a scale
reference system was added and located on the
surface when the image was taken. In post
processing the images of the soil surface were
manipulated by image enhancement in image-
editing software like Corel Photo Point © (Corel,
Eden Prairie, USA). After enhancement the image
was georeferenced in a Geographical Information
System (GIS) in a local reference system. The
second image enhancement was accomplished in
the environment of the GIS. Adoptions of a high
pass filter accentuate the borders of the soil
aggregates. In this manipulated image, the soil
aggregates larger than 100 mm2 were defined,
selected and manually digitized (Fig. 9).
Throughout the GIS functionality, the size of the
aggregates can be easily appropriated and the
aggregation ratio can be determined according
the following equation:
The standard error of this method was calculated
after one picture was analyzed three times. The
standard error was estimated with 0.5 %.
Fig. 9 Image processing from the original
image to marked aggregates larger
100 mm2 and aggregation ratio
Aggregation ratio [%] = Aggregate area [cm
2]
Total area [cm2]
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3.6.2.3 Climate conditions
Precipitation
The quantity and the intensity of precipitation at the field experiment was measured one
meter over soil surface level in between the three sites with a precipitation gage (Thies
Clima, Göttingen, Germany). Data was collected at 30-minute intervals with a Delta-T logger
(Delta-T Devices, Cambridge, UK).
Air and soil temperature
The air temperature data were taken from the climate station “Birkenmoor” of the Kiel
University which is approximately 6 km in the north west of the farming station Lindhof (IPS,
2006). The soil temperature was measured 3 cm below the surface of each core plot of the
field and laboratory rainfall experiment with PT100 sensors (SKYE, Landrindod Wells, UK).
Data was collected at 30-minute intervals with a Delta-T logger (Delta-T Devices, Cambridge,
UK). The 7 day floating soil temperature was calculated afterwards.
3.6.2.4 Organic Carbon (Corg)
The total organic carbon content at the field and rainfall experiment was analyzed according
to the German DIN ISO method 10694: 1995 for organic carbon at a C/N Analyzer
“Elemantar vario MAX CN” (Elementar, Hanau, Germany).
3.6.2.5 Cmic/Corg ratio
The ratio of microbial biomass C to soil organic C (% Cmic/Corg) is the microbial C content
per unit soil carbon (Anderson and Domsch, 1989; Sparling, 1992).
The Cmic/Corg ratio [%] was calculated on the basis of the chloroform fumigation-extraction
method (CFE) -derived microbial C and soil organic C content.
Cmic/Corg ratio [%] = Cmic content / Corg content
3.6.2.6 Nitrogen (N)
The total nitrogen content at the field and rainfall experiment was analyzed according to the
German DIN ISO 13878: 1998 for total nitrogen (Dumas combustion method) at a C/N
Analyzer “Elemantar vario MAX CN” (Elementar, Hanau, Germany).  The C/N ratio was
calculated afterwards.
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3.6.2.7 C/N ratio
The C/N ratio was calculated for each sampling time datasets obtained from the organic
carbon and nitrogen analysis.
C/N ratio = Corg content / N content
3.6.2.8 pH-value
The soil pH at the field and rainfall experiment was measured according to the German DIN
ISO 10390: 1997 method. To 20 gram 2 mm sieved air dry soil, 50 ml 0.01 M CaCl2 was
added and mixed. After 24 hours the pH-value was measured by using a glass combination
electrode (WTW, Weilheim, Germany).
3.6.2.9 Soil water
Soil moisture content
The soil moisture content in the field and laboratory experiment in the upper 3 cm was
gravimetrically measured from soil samples taken for the enzyme analysis. Furthermore the
soil moisture was measured 30 cm below the soil surface (bs) with TDR probes in the rainfall
experiment. These data was collected at 30-minute intervals with a Delta-T logger (Delta-T
Devices, Cambridge, UK).
Matric potential
The soil matric potential three centimeters below the surface (bs) of each soil box at the
laboratory rainfall experiment was measured with tensiometer probes (self constructed),
equitensiometer probes (Ecomatic, Munich, Germany) and gypsum block sensors (Delta-T,
Cambridge, UK). Data were collected at 30-minute intervals with a Delta-T logger (Delta-T
Devices, Cambridge, UK). The probes were shown in Fig. 10.
a b c
Fig. 10 Tensiometer probe (a), Equitensiometer probe (b) and gypsum block sensor (c) to measure
the soil matric potential
10 cm10 cm 5 cm
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3.6.2.10 Runoff
The runoff was only analyzed during the rainfall experiment. During each rainfall experiment
the runoff of the inner core plot (40 x 50 cm) was measured with a precipitation gage (Thies
Clima, Göttingen, Germany) in six minutes intervals. Afterwards the runoff was converted
into the unit “runoff as % of rainfall” according the following equation:
Runoff [%] per m2 = (Runoff in ml * f *100)/b
f = 4.16 (Calculation factor from the measured 40 * 50 cm rectangle to m2)
b= 1500 (calculation factor for total rainfall in 6 minutes on one m2)
3.7 Statistical analysis
The correlation as well as the regression analysis was performed by using the SAS linear
regression procedure (SAS Institute, 1999) to reveal possible interaction between the
enzyme activities (acid-phosphatase, ß-glucosidase) and the measured soil biotic and abiotic
parameters. The aggregation ratio was tested in the same way to find possible correlations to
the biotic and abiotic parameters, as well. The Pearson’s correlation coefficient R9 was used
to describe the degree of the linear association between two variables. In addition to R the
significance level as expressed as P value was used to reveal how likely the correlation is to
be not true (e.g. P< 0.01 is meaning that the finding has a one percent chance of not being
true).
The level of significance was divided into four categories
? *** P<0.001
? ** P<0.01
? * P<0.05
? n.s.  not significant
The best approach from a statistical point of view is to repeat the study and see if the results
are the same. If something is statistically significant in two separate studies, it is probably
true. Therefore the experimental periods 2004 and 2005 were used as treatment replication
and in the second consideration as one continuous treatment.
9 The R value ranges from -1.0 to +1.0. The closer R is to +1 or -1, the more closely the two variables
are related. If R is close to 0 it means there is no relationship between the variables. If R is positive, it
means that as one variable gets larger the other gets larger as well. If R is negative it means that if
one gets larger, the other gets smaller (inverse correlation).
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Furthermore the datasets of all measured variables were shown in Box-Whisker-Plots by
using the STATISTICA© program to expose the mean square, mean deviation as well as the
dataset range at the three different management systems.
In addition the analysis of variance (ANOVA) by using STATISTICA© was performed to test
the null hypothesis that the biotic and abiotic parameters at the different management
systems (Old Organic Farming, Young Organic Farming and Conventional Farming) are
equal.
H0: MS1 = MS2 = MS2
H0: null hypothesis
MS: management system
Additionally an explorative statistical method (visual assessment) was used to describe the
soil surface of the core plots in the field as well as in the rainfall experiment.
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4 Results
In this chapter first of all the soil texture of the study sites in the field as well as at the rainfall
experiment are shown. Thereafter the results of the biotic and abiotic investigations as well
as of the image analysis are presented for the Old Organic Farming site, Young Organic
farming site and for the Conventional Farming site during the field experiment. Afterwards the
results of the biotic, abiotic, image analysis as well as of the runoff data derived at the
laboratory rainfall experiment are shown in the sequence Old Organic Farming soil, Young
Organic Farming soil and Conventional Farming soil.
4.1 Soil texture
The soil texture of the Old Organic Farming (OOF), Young Organic Farming (YOF) and
Conventional Farming (CF) sites was loamy sand. The soil type according the FAO soil
classification system (FAO/ISRIC/ISSS, 1998) was a Luvisol. The data obtained for the Ap-
horizon at the field experimental sites were transferable to the soils used at the rainfall
experiment because the soil sampling was accomplished at the same sites and sectors
where the field experiment was conducted. The particle size distribution of the Ap-horizon at
the two organic and one conventional farming site is shown in detail in Table 4.
Table 4 Soil texture of the Ap-horizon of the OOF, YOF and CF site*
*   in the field and rainfall experiment
** Soil texture description according to Eckelmann (2005)
coarse medium fine total coarse medium fine total
sand sand sand sand silt silt silt silt claysite soiltexture**
% % % % % % % % %
OOF Sl3 4.7 23.19 40.71 68.59 9.6 7.46 4.26 21.32 10.1
YOF Sl4 3.85 16.92 34.71 55.49 13.1 10.77 6.01 29.88 14.63
CF Sl3 3.66 19.59 38.14 61.39 12.92 9.23 4.63 26.78 11.83
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4.2 Field experiment
Environmental conditions
In the field experiment the climate conditions such as air temperature and precipitation
(measured at the OOF site which was in the middle of the YOF and CF sites) were recorded
beginning at March 2004 until December 2005 and shown in Fig. 11. The air temperature
ranged during the whole period between -3.0 °C and +22.0 °C, the cumulative rainfall was
579 mm beginning from March to the end of December 2004 and 536 mm for the whole year
2005, whereas the precipitation at the end of January and February (2005) has fallen as
snow and covered the soil surface with a 10 to 20 cm thick layer.
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Fig. 11 Air temperature as well as cumulative precipitation in the year 2004* and 2005
4.2.1 Old Organic Farming site
4.2.1.1 Enzyme activity
At the Old Organic Farming site (OOF) the activity of acid-phosphatase ranged from 353 to
888 µg nitrophenol (NP) released in one hour (µg NP/g*h) with an arithmetic mean of
585 µg NP/g*h and a mean deviation of 116 µg NP/g*h. The activity of ß-glucosidase (Glu)
changed between 221 and 441 µg NP/g*h. The arithmetic mean is 297 µg NP/g*h and the
standard deviation 49 µg NP/g*h. In early March 2004 soil cultivation practices at the OOF
site include lime (CaCO3) and phosphate (P2O5) application, harrow disking, plowing, sowing
oat and rolling the soil. After the seedbed was fully prepared the enzyme activity at the first
sampling (30-April-2004) was 386 µg NP/g*h for acid-phosphatase and 221 µg NP/g*h for
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??glucosidase. Beginning at the third sampling (26-May) the enzyme activity rose stepwise
until 22-July to 815 µg NP/g*h for acid-phosphatase and 438 µg NP/g*h for ß-glucosidase.
After this point, the activity decreased at the next two sampling times strongly and stepwise
to 529 µg NP/g*h for acid-phosphatase and 268 µg NP/g*h for ß-glucosidase until the
harvest. After plowing and sowing green rye the sampling process started for the fall
vegetation period (beginning 16-September-2004) with higher enzyme activity levels than at
the end of the summer vegetation period. The acid-phosphatase as well as the
??glucosidase activity showed at the last sampling in November-2004 reduced activity
values with 444 µg NP/g*h for acid-phosphatase and 252 µg NP/g*h for ß-glucosidase
compared to the previous enzyme activity in fall 2004  (Fig. 12).
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Fig. 12 Enzyme activity of acid-phosphatase (Pho), ß-glucosidase (Glu) and cultivation practices at the
OOF site in 2004 and 2005
In 2005 the enzyme activity of acid-phosphatase and ß-glucosidase started at the first
sampling time in 2005 (02-February) approximately at the same level compared to the last
sampling at 10-November-2004. The enzyme activities increased at the third sampling (02-
March) to 520 µg NP/g*h for acid-phosphatase and 341 µg NP/g*h for ß-glucosidase, and
decreased thereafter and rose two weeks later to 699 µg NP/g*h for acid-phosphatase and
379 µg NP/g*h for ß-glucosidase. In the summer period 2005 both enzymes showed large
dynamic changes with high activity values at 08-June and 20-July and decreased
subsequent until the end of August. Subsequently the enzyme activity rose after harrow disk
and ripper cultivation as well as sowing grass (as intercrop) stepwise to 888 µg NP/g*h for
Results34
acid-phosphatase and 443 µg NP/g*h for ß-glucosidase. Thereafter the activity of acid-
phosphatase stayed at a more or less constant value but the ß-glucosidase activity showed
at the last three samplings large activity value changes with low values of 250 µg NP/g*h and
high values of 367 µg NP/g*h.
In general the activity of ß-glucosidase showed nearly the same dynamic patterns as the
acid-phosphatase during the whole experimental period. The regression analysis showed
therefore a positive significant correlation at the P<0.001 level with a coefficient of
determination R2=0.480 and a correlation coefficient of R=0.69 (Fig. 13).
y = 1.6615x + 101.81
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Fig. 13 Relationship between acid-phosphatase and ß-glucosidase activity at the OOF site in 2004
and 2005
4.2.1.2 Soil temperature
The soil temperature at the OOF site was shown in Fig. 14 as a seven day moving average.
In 2004 the soil temperature 3 cm below the soil surface increased until 12-August-2004 and
decreased stepwise to -2.0 °C in early January. In late January the precipitation has fallen as
snow and covered the soil surface until late February with a layer of 10 to 20 cm thickness.
After the snow thawed the soil temperature rose in general (with dynamic changes) to
25.3 °C at mid of July. Thereafter the soil temperature showed a decreasing trend until winter
2005.
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Fig. 14 Soil temperature* 3 cm below the soil surface at the OOF site in 2004 and 2005
4.2.1.3 Carbon
Organic carbon (Corg)
At the first sampling time at 30-April-2004 the organic carbon (Corg) content was 9.50 mg/g
and showed an increasing tendency with exceptions in June and at the last sampling in
November. In 2005 the Corg content started at the first sampling time in 2005 (02-February)
approximately at the same level compared to the last sampling in November-2004. In spring
2005 the organic carbon content showed dynamic changes between 9.4 mg/g and 11.6 mg/g
and was nearly stabile in the summer period 2005. In early August the organic carbon
decreased stepwise until end of August (minimum 7.9 mg/g) and increased in the followed
weeks after cultivation to 11.1 mg/g until 12-October and showed thereafter weak dynamic
changes (Fig. 15).
Microbial carbon (Cmic)
The microbial carbon (Cmic) content in spring 2004 was 0.037 mg/g and showed an
increasing tendency until 22-July (0.152 mg/g) and decreased thereafter stepwise until
12-August to 0.104 mg/g. After harvest, plowing and sowing the microbial carbon content
ranged between 0.101 mg/g and 0.121 mg/g. Regarding the errors bars in the year 2004 the
microbial carbon showed in the late summer and fall period only weak dynamic changes. In
2005 the Cmic content started approximately at the same level such as at the last sampling
in November-2004 and rose in the following weeks to 0.247 mg/g. Subsequent to the spring
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cultivation the Cmic content showed a decreasing tendency until end of June and increased
stepwise to around 0.200 mg/g until end of July. After fall cultivation in 2005 the Cmic
showed low contents (0.100 mg/g) and increased stepwise in the following six weeks to
0.248 mg/g and decreased thereafter to 0.155 mg/g and stayed at this level until the last
sampling (Fig. 15).
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Fig. 15 Organic carbon (Corg) content, microbial carbon (Cmic) content, as well as cultivation
practices at the OOF site in 2004 and 2005
Cmic/Corg ratio
At the first sampling in spring 2004 the Cmic/Corg ratio was 0.39 % (as % Cmic of Corg) and
showed thereafter a general increase until 22-July-2004 (1.48 %) and decreased thereafter
stepwise in the following four weeks. After harvest, plowing and seeding the Cmic/Corg ratio
showed in fall only weak dynamic changes around the 1.00 % level. In 2005 the Cmic/Corg
ratio was more or less the same value compared to the last sampling in November-2004.
Thereafter the Cmic/Corg ratio showed an increasing tendency until end of March (2.25 %),
decreased after spring cultivation (with one exception at 08-June) until 22-June-2005
(0.57 %) and increased subsequently until mid of August. After fall cultivation the Cmic/Corg
ratio decreased again but increased in the following weeks to 2.23 % at 12-October (Fig. 16).
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Fig. 16 Cmic/Corg ratio as well as cultivation practices at the OOF site in 2004 and 2005
4.2.1.4 Nitrogen and C/N ratio
The nitrogen content ranged between spring cultivation and harvest 2004 among 0.89 mg/g
and 1.03 mg/g. After plowing and sowing, the nitrogen content was 1.03 mg/g and decreased
stepwise until 10-November-2004 to 0.75 mg/g (with an immense decrease at the last
sampling). At the first sampling in 2005 the nitrogen content was comparable to the value
reached at the last sampling in 2004 and showed thereafter dynamic changes between 0.95
and 0.80 mg/g until May. In the summer period the nitrogen content increased stepwise from
0.83 to 1.04 mg/g at early August followed by a sharp decrease. After fall cultivation the
nitrogen content increased again and showed more or less intense dynamic changes until
end of 2005 (Fig. 17).
The C/N ratio in 2004 ranged between 9.95 and 10.51 and rose at end of 2004 to 12.36. The
statistical mean in 2004 was 10.91. In 2005 the C/N ratio showed more or less the same
value as at the last sampling in 2004. From May to September the C/N ratio showed a
decreasing trend and an increasing tendency thereafter. The dynamic changes in 2005 are
between 12.79 and 8.08 with a statistical mean of 11.20 (Fig. 17).
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Fig. 17 Nitrogen content, C/N ratio and cultivation practices at the OOF site in 2004 and 2005
4.2.1.5 pH-value
The pH-value ranged between pH 6.5 and pH 6.0 with an average pH-value of 6.3 in 2004
and among pH 5.5 and pH 6.8 with a mean pH-value of 6.1 in the experimental period 2005
(Fig. 18).
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Fig. 18 pH-value and cultivation practices at the OOF site in 2004 and 2005
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4.2.1.6 Soil moisture content
In 2004 the water content at the OOF site ranged between dry conditions (e.g. 2.6 %) in
spring and summer 2004 and moist conditions (e.g. 18.1 %) in June and fall. In 2005 the soil
moisture was high in early February and decreased in the followed weeks. In July the
moisture content increased and showed dry as well as moist conditions in fall 2005 (Fig. 19).
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Fig. 19 Soil moisture content in the upper 3 cm of the OOF soil samples as well as cultivation
practices in 2004 and 2005
4.2.1.7 Soil surface roughness
The image analysis 2004 started according to the soil sampling intervals for the biotic and
abiotic analysis after sowing at 30-April until 12-August-2004. The initial aggregation ratio
was 34.1 % and decreased after 16 mm precipitation with a maximum intensity of 2.7 mm
per hour to 27.0 %. After 23.8 mm additional precipitation with an intensive rainfall event at
09-June-2004 (14.1 mm precipitation in 2 hours and a maximum intensity of 4.5 mm per
hour) the aggregation ratio decreased to 21.8 %. In the following two weeks the precipitation
sum was 56.4 mm (with 42.5 mm precipitation between 17 and 24-June and a maximum
intensity of 4.5 mm per hour) and the aggregation ratio declined to 15 %, furthermore first
crusting signs were visible. Until the next image analysis the aggregation ratio declined to
13.5 % after a total rainfall sum of 159.3 mm. Subsequently to 44 mm precipitation (total
precipitation: 203.7 mm) with a maximum intensity of 5.3 mm/h the aggregation ratio declined
to 9.3 %. After a rainfall event with an intensity of 13.5 mm precipitation per hour the
aggregation ratio was 2.0 % at the OOF site at 05-August-2004 with clear visible crusting
signs on the soil surface (Fig. 20). The image analysis stopped at 05-August-2004 at the
organic farming site because of the following harvest and fall cultivation practices.
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22-July-2004
Precipitation sum: 203.7 mm
Aggregation ratio: 9.3 %
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05-August-2004
Precipitation sum: 228.8 mm
Aggregation ratio: 2.0 %
Fig. 20 Image sequence of the inner core unit at the OOF site, beginning at 30-April-2004 until 05-
August-2004
To make the dynamic processes at the soil surface in 2004 more visible the aggregation ratio
in combination with the precipitation sum is shown in Fig. 21.
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Fig. 21 Precipitation sum and aggregation ratio at the OOF site, beginning at 30-April-2004 until 05-
August-2004
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In 2005 the image analysis started at 13-April after harrow disk cultivation, plowing, sowing
pea and rolling. The initial aggregation ratio was 39.5 %. After 57.5 mm precipitation
(maximum intensity: 5.8 mm/h) the aggregation ratio decreased to 25.9 % at 11-May and to
23.6 % after 68.1 mm total precipitation. After 23.4 mm additional rainfall (total precipitation:
91.5 mm; maximum precipitation: 2.6 mm/h) the aggregation ratio decreased to 7.0 % at
08-June-2005 and the soil surface showed a visible soil surface crusting. In the following
weeks the aggregation ratio declined to 6.6 % at 07-July (total precipitation: 129.3; maximum
precipitation: 4.5 mm/h) and to 1.9 % after 145.6 mm total precipitation with a maximum
intensity of 12.7 mm/h. At 03-August the aggregation ratio increased to 8.5 % (precipitation
sum: 225.6 mm; maximum precipitation intensity: 5.1 mm/h) and showed an aggregation
ratio of 8.1 % at 17-August-2005 after 259.7 mm total precipitation with a maximum intensity
of 10.6 mm/h. The visual assessment of the soil surface revealed that after 68.1 mm
precipitation first crusting signs were visible which were fully distinct at 8-June and clearly
visible until 17-August (Fig. 22).
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OOF site
11-May-2005
Precipitation sum: 57.5 mm
Aggregation ratio: 25.9 %
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Precipitation sum: 91.5 mm
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20-July-2005
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Aggregation ratio: 1.9 %
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Precipitation sum: 225.6 mm
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OOF site
17-August-2005
Precipitation sum: 259.7 mm
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Fig. 22 Image sequence of the inner core unit at the OOF site, beginning at 13-April-2005 until 17-
August-2005
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Additional to the image design (Fig. 22) the aggregation ratio in combination with the
precipitation sum is shown in Fig. 23.
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Fig. 23 Precipitation sum and aggregation ratio at the OOF site in 2005
4.2.1.8 Correlation statistics
The correlation coefficients (R) and significance levels between the enzyme activities and
biotic as well as abiotic factors were shown for the experimental period 2004, 2005 as well as
for the combined 2004/2005 period. The aggregation ratio showed negative significant
correlations to the enzyme activities with one exception for ß-glucosidase in the year 2005
where no significant correlation could be found. The factors Corg and Cmic content,
Cmic/Corg ratio and the nitrogen content showed in general a positive and significant
correlation to the enzyme activities of acid-phosphatase and ß-glucosidase. The other factors
such as C/N ratio, pH-value, soil moisture content, soil temperature (as seven day moving
average) and the precipitation sum showed mostly no significant correlations to the enzyme
activities but however with some exceptions (Table 5).
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Table 5 Correlation coefficients (R)a between enzyme activitiesb and biotic and abiotic parametersc at
the OOF site for 2004, 2005 and 2004/2005
acid-phosphatase ß-glucosidase
variable site 2004 2005 2004/2005 2004 2005 2004/2005
aggregation ratio OOF -0.864*** -0.620*** -0.715*** -0.725*** -0.218n.s. -0.461**
Corg OOF 0.634*** 0.390** 0.445** 0.770*** 0.614*** 0.600***
Cmic OOF 0.892*** 0.645*** 0.720*** 0.901*** 0.717*** 0.718***
Cmic/Corg ratio OOF 0.876*** 0.575** 0.677*** 0.869*** 0.563*** 0.622***
nitrogen OOF 0.577*** 0.567*** 0.488** 0.628*** 0.524** 0.512**
C/N ratio OOF 0.314n.s. 0.106n.s. 0.030n.s. 0.266n.s. 0.176n.s. 0.102n.s.
pH-value OOF -0.328n.s. 0.339* 0.097n.s. -0.213n.s. 0.203n.s. 0.057n.s.
moisture OOF 0.327n.s. 0.039n.s. 0.120n.s.. 0.305n.s. 0.213n.s. 0.260n.s.
temp OOF 0.510** 0.282n.s. 0.249n.s. 0.416** 0.104n.s. 0.011n.s.
precipitation sum OOF 0.440** 0.693*** 0.474** 0.468** 0.006n.s. 0.179n.s.
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase, ß-glucosidase
c Aggregation ratio, organic carbon content (Corg), microbial carbon content (Cmic), Cmic/Corg ratio,
nitrogen content, C/N ratio, pH-value, soil moisture content (moisture), soil temperature as seven day
moving average (temp) and precipitation sum
Significance levels as well as correlation coefficients (R) between the aggregation ratio and
biotic and abiotic factors were shown in Table 6. Negative significant correlations at the
P<0.001 and P<0.01 level could be found to the acid-phosphatase activity, ß-glucosidase
(with an exception in 2005), Cmic content, Cmic/Corg ratio, nitrogen content, soil
temperature (as seven day moving average) and the total precipitation sum. The C/N ratio
showed positive significant correlation with the aggregation ratio at the P<0.05 level in 2004
and 2005 but no significant correlation in 2004/2005. The pH-value was furthermore positive
correlated in 2004 to the aggregation ratio and not significant correlated in 2005 and
2004/2005. The soil moisture content showed in 2004 a negative significant correlation and
no significant correlations in 2004 and 2004/2005.
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Table 6 Correlation coefficients (R)a between the aggregation ratio and biotic and abiotic parametersb
at the OOF site for 2004, 2005 and 2004/2005
Aggregation ratio
variable site 2004 2005 2004/2005
Pho OOF -0.864*** -0.620*** -0.715***
Glu OOF -0.725*** -0.218n.s. -0.461**
Corg OOF -0.398* -0.299* -0.318*
Cmic OOF -0.808*** -0.633*** -0.645***
Cmic/Corg OOF -0.831*** -0.542** -0.617***
nitrogen OOF -0.439** -0.625*** -0.487**
C/N ratio OOF 0.337* 0.397* 0.134n.s.
pH-value OOF 0.410** 0.008n.s. 0.143n.s.
moisture OOF -0.560** 0.061n.s. -0.273n.s.
temp OOF -0.892*** -0.877*** -0.862***
precipitation sum OOF -0.958*** -0.742*** -0.832***
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase (Pho), ß-glucosidase (Glu), organic carbon content (Corg), microbial carbon
content (Cmic), Cmic/Corg ratio, nitrogen content, C/N ratio, pH-value, soil moisture content
(moisture), soil temperature as seven day moving average (temp) and precipitation sum
4.2.2 Young Organic Farming site
4.2.2.1 Enzyme activity
The results for the enzyme activities at the Young Organic Farming (YOF) site were
approached to the results at the Old Organic Farming (OOF) site. In Fig. 24 the enzyme
activities of acid-phosphatase and ß-glucosidase were shown in the summer and fall
vegetation periods 2004 as well as from the early February 2005 till the late November 2005
regardless to the vegetation periods. The activity of acid-phosphatase in the experimental
period 2004 and 2005 was between 624 µg NP/g*h and 263 µg NP/g*h with a statistical
mean of 490 µg NP/g*h and a mean deviation of 69 µg NP/g*h. The ß-glucosidase activity
ranged between 190 and 361 µg NP/g*h, the statistical mean was 273 µg NP/g*h with a
mean deviation of 31 µg NP/g*h.
At the YOF site the first soil sample was taken at 30-April-2004 after harrow disk cultivation,
plowing and sowing oat. The activity of acid-phosphatase was at the first sampling date
363 µg NP/g*h and raised two weeks later to 412 µg NP/g*h and decreased thereafter to
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263 µg NP/g*h. After this rapid decrease the activity enlarged in the following eight weeks to
617 µg NP/g*h till 05-August-2004 and fell down to 462 µg NP/g*h at the last sampling date
in the summer vegetation period at 12-August-2004. The enzyme activity of ß-glucosidase
showed nearly the same dynamic changes as the acid-phosphatase activity in the summer
vegetation period 2004. The lowest enzyme activity could be found at 26-May and the
highest was found at 05-August-2004 (370 µg NP/g*h) and decreased subsequent until the
last summer sampling time 2004 (12-August) to 268 µg NP/g*h. After harvest at 17-August-
2004, plowing and sowing green rye the soil sampling started at 08-September for the fall
vegetation period with an activity rate of 621 µg NP/g*h for acid-phosphatase and
306 µg NP/g*h for ß-glucosidase. The activities decreased in the following four weeks to
539 µg NP/g*h for acid-phosphatase and to 261 µg NP/g*h for ß-glucosidase, but rose at
14-October to 604 µg NP/g*h for acid-phosphatase and 299 µg NP/g*h for ß-glucosidase.
The activities of both enzymes were reduced stepwise in the following two sampling times to
508 µg NP/g*h for acid-phosphatase and 241 µg NP/g*h for ß-glucosidase at 11-November-
2004 (Fig. 24).
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Fig. 24 Enzyme activity of acid-phosphatase (Pho), ß-glucosidase (Glu) and cultivation practices at the
YOF site in 2004 and 2005
In 2005 the activity of acid-phosphatase was at the first and second sampling time in early
February around 408 µg NP/g*h (± 1 µg NP/g*h) and rose thereafter until end of March. The
ß-glucosidase showed at the first sampling 2005 an activity rate of 280 µg NP/g*h and
showed more or less dynamic changes in the following six weeks. After plowing, harrow disk
cultivation, and sowing pea the enzyme activity of acid-phosphatase and ß-glucosidase
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decreased. In May and mid of summer (07-July) the highest activity values were measured
for acid-phosphatase (max. 624 µg NP/g*h) and ß-glucosidase (max. 361 µg NP/g*h). Before
harvest, both enzyme activities rose and reached after harvest and lime application
606 µg NP/g*h for acid-phosphatase and 302 µg NP/g*h for ß-glucosidase. After the fall
cultivation the enzyme activity of acid-phosphatase and ß-glucosidase showed in general a
decreasing trend until the last sampling in November 2005 (Fig. 24).
The regression analysis showed a positive significant (P<0.001) correlation between acid-
phosphatase and ß-glucosidase with a correlation coefficient of R=0.704 and a coefficient of
determination of R2=0.495 (Fig. 25).
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Fig. 25 Relationship between acid-phosphatase and ß-glucosidase activity at the YOF site in 2004 and
2005
4.2.2.2 Soil temperature
The soil temperature at the YOF site was shown as a seven day moving average 3 cm below
the soil surface. The highest soil temperature was measured at 12-August 2004 (20.5 °C)
and decreased thereafter stepwise to -2.1 °C in early January. The precipitation in January
and February was fallen as snow and covered the soil surface until late February with a 10 to
20 cm thick layer. After the snow thawed the soil temperature showed an increasing trend
until mid of July to 22.8 °C and decreased subsequent until the last sampling in November
2005 (Fig. 26).
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Fig. 26 Soil temperature* 3 cm below the soil surface at the YOF site in 2004 and 2005
4.2.2.3 Carbon
Organic carbon (Corg)
At the beginning of the field experiment at 30-April-2004 the organic carbon (Corg) content
was 11.50 mg/g and showed in the following weeks dynamic changes between 10.5 mg/g
and 11.9 mg/g. Direct after harvesting, plowing, and sowing green rye the organic carbon
content rose to 13.00 mg/g, decreased subsequent to 12.19 mg/g and showed in fall 2004
weak dynamic changes. In the early February 2005 the organic carbon (Corg) content was
nearly at the same level compared to the November 2004 data and raised until 02-March-
2005 to 13.3 mg/g. After plowing, harrow disk cultivation and sowing the organic carbon
content decreased in the following weeks to 9.9 mg/g and showed in fall 2005 dynamic
changes between 10.6 mg/g and 11.3 mg/g (Fig. 27).
Microbial carbon (Cmic)
At the first sampling time in 2004 (30-April) the microbial carbon content was 0.052 mg/g and
rose (with one exception) until 05-August-2004 to 0.126 mg/g. After harvest, plowing and
sowing in fall 2004 the microbial carbon content was 0.113 mg/g (08-September-2004) and
decreased subsequent to 0.077 mg/g until 30-September. Thereafter the microbial carbon
content rose approximately to the initial content (0.113 mg/g). In the last four weeks of the fall
vegetation period the microbial carbon content decreased stepwise to 0.086 mg/g at 10-
October-2004.
Results48
In 2005 the sampling started again at 03-February-2005 approximately at the same level as
at the last sampling mid of November 2004 and showed a increasing trend until 31-March
(0.23 mg/g). After plowing, harrow disk cultivation and sowing pea the microbial carbon
content decreased stepwise to 0.06 mg/g at 8-June. In the following weeks an increasing
tendency was found with a maximum level of 0.16 mg/g at 07-July-2005. Subsequent to soil
cultivation practices the microbial carbon content decreased to 0.11 mg/g at 03-August and
changed thereafter in a small scale until 31-August. The microbial carbon content in general
decreased after fall cultivation to 0.05 mg/g at 26-October and increased in a small scale in
September-2005 (Fig. 27).
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Fig. 27 Organic carbon (Corg) content, microbial carbon (Cmic) content as well as cultivation practices
at the YOF site in 2004 and 2005
Cmic/Corg ratio
The Cmic/Corg ratio at the beginning of the field experiment in spring 2004 was 0.4 % and
showed an increasing trend to 1.1 % until 22-July-2004. After harvest, plowing and seeding
the Cmic/Corg ratio showed in fall 2004 dynamic changes between 0.006 and 0.009. After
the winter period the Cmic/Corg ratio showed more or less the same value in February-2005
as compared to the last sampling in November 2004. Thereafter the Cmic/Corg ratio
increased in general to 2.0 % until end of March, decreased until 08-June-2005 and in-
creased subsequently until 07-July. After the summer period the Cmic/Corg ratio decreased
stepwise until 26-October and rose subsequently in the following four weeks (Fig. 28).
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Fig. 28 Cmic/Corg ratio as well as cultivation practices at the YOF site in 2004 and 2005
4.2.2.4 Nitrogen and C/N ratio
At the first sampling in 2004 the nitrogen content was 1.18 mg/g and ranged until harvest in
fall 2004 between 0.99 mg/g and 1.17 mg/g. After the cultivation practices such as plowing
and sowing the nitrogen content increased to 1.2 mg/g and decreased thereafter until
10-November-2004. At the first sampling in 2005 the nitrogen content was more or less
comparable to the value reached at the last sampling in 2004. In spring 2005 the nitrogen
showed an increasing trend until end of March and decreased after subsequent cultivation
practices. In the summer period 2005 the nitrogen content was between 0.86 and 1.13 mg/g
and showed a decreasing tendency in fall and rose thereafter again (Fig. 29).
The C/N ratio ranged between 9.85 and 10.98 in spring and summer 2004 and rose after fall
cultivation to 12.57. At the first sampling February-2005 the C/N ratio showed more or less
the same value as at the last sampling in 2004 and showed a decreasing trend until late
September 2004 with a C/N ratio of 9.41. Thereafter the C/N ratio increased and decreased
in the following weeks stepwise (Fig. 29).
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Fig. 29 Nitrogen content, C/N ratio and cultivation practices at the YOF site in 2004 and 2005
4.2.2.5 pH-value
In spring and summer 2004 the pH-value ranged between pH 6.1 and pH 6.5. After fall
cultivation the pH value was 5.9, increased thereafter and showed until the last sampling in
2004 nearly constant conditions. In early 2005 as well as in springtime the pH-value showed
dynamic changes between 6.0 and 6.2 and decreased at 08-June-2005 to pH 5.3. Thereafter
the pH-value showed an increasing trend to pH 7.4 (with exceptions at 3-August,
14?September and 26-October-2005) at the last sampling in November 2005 (Fig. 30).
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Fig. 30 pH-value and cultivation practices at the YOF site in 2004 and 2005
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4.2.2.6 Soil moisture content
In the year 2004 the water content at the OOF site ranged between dry conditions (e.g.
2.9 %) in spring and at the end of summer 2004 and moist conditions in June (e.g. 15.8 %)
and fall (e.g. 17.6 %). In 2005 the soil moisture was high in early February and showed a
decreasing tendency until June. In July the moisture content increased to 15.0 % and
showed alternating dry and moist condition in fall 2005 with an increasing trend until the last
sampling in 2005. The moisture dynamics in 2005 showed a broad-spectrum between 3.0 %
and 24.0 % moisture content (Fig. 31).
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Fig. 31 Soil moisture content in the upper 3 cm of the YOF soil samples as well as cultivation practices
in 2004 and 2005
4.2.2.7 Soil surface roughness
The image analysis at the YOF site started as well as at the OOF site according to the soil
sampling intervals for the biotic and abiotic analysis after sowing and rolling at 30-April-2004.
The initial aggregation ratio was of 49.8 % and decreased to 44.1 % until 10-June-2004. The
additional precipitation of 56.4 mm (with 42.5 mm precipitation between 17 and 24-June and
a maximum intensity of 4.5 mm/h) resulted in an aggregation ratio of 31.3 % at 24-June.
Thereafter the aggregation ratio declined to 20 % at 22-July (total precipitation: 203.7 mm)
and to 4.5 % (05-August) after a total precipitation sum of 228.8 mm. The visual assessment
showed that only weak crusting signs were visible after 39.9 mm precipitation and clearly
visible after 96.3 mm precipitation and observable until the last image analysis. The image
analysis stopped at 05-August-2004 according to the following harvest and cultivation
practices (Fig. 32).
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Aggregation ratio: 20.0 %
YOF site
05-August-2004
Precipitation sum: 228.8 mm
Aggregation ratio: 4.5 %
Fig. 32 Image sequence of the inner core unit at the YOF site, beginning at 30-April-2004 until 05-
August-2004
The aggregation ratio at the YOF soil surface in combination with the precipitation sum is
shown in Fig. 33.
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In 2005 the image analysis started as well as the other sites (OOF, CF) at 13-April after
sowing (without rolling) with an initial aggregation ratio of 39.5 %. After 57.5 mm precipitation
(maximum intensity: 5.8 mm/h) the aggregation ratio decreased to 31.5 % at 11-May and to
29.0 % at 25-May-2005 (total precipitation: 68.1 mm; maximum precipitation intensity:
2.5 mm/h).  After a total precipitation sum of 91.5 mm and a maximum intensity of 2.6 mm
per hour, the aggregation ratio declined to 23.0 % at 08-June. Thereafter the aggregation
ratio at 07-July was nearly unaffected of 37.8 mm additional precipitation (maximum
intensity: 4.7 mm/h) and decreased at 20-July to 22.0 % after 37.8 mm additional
precipitation (total precipitation: 145.6 mm; maximum precipitation intensity: 12.7 mm/h). At
03-August the aggregation ratio was 20.3 % (precipitation sum: 225.6 mm; maximum
precipitation intensity: 5.1 mm/h) and showed after 259.7 mm total precipitation, with a
maximum intensity of 10.6 mm/h, a final aggregation ratio of 19.5 % at 17-August-2005
(Fig. 34). The visual assessment of the images revealed that after 68.1 mm precipitation the
soil surface showed first crusting signs which were more pronounced until the last image was
taken. The image analysis at the YOF site stopped at 17-August-2005 because of the
following harvest at 18-August-2005.
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Fig. 34 Image sequence of the inner core unit at the YOF site, beginning at 13-April-2005 until 17-
August-2005
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Additional to the image sequence at the YOF site (Fig. 34) the aggregation ratio in
combination with the precipitation sum is shown in Fig. 35 to see the dynamic processes at
the soil surface in 2005.
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Fig. 35 Aggregation ratio and precipitation sum in 2005 at the YOF site, beginning at 13-April-2005
until 17-August-2005
4.2.2.8 Correlation statistics
The statistical analysis showed that in general the acid-phosphatase and ß-glucosidase
activity correlated negatively and significantly to the aggregation ratio (with an exception for
the year 2005) and significant positive to the Corg content, Cmic content and the Cmic/Corg
ratio (with some exception for ß-glucosidase and acid-phosphatase correlated with Corg).
The other factors such as nitrogen content, C/N ratio, pH-value, moisture content, soil
temperature (as seven day moving average) and the precipitation sum showed in common
(with only a few exceptions) no significant correlations to the enzyme activities of acid-
phosphatase and ß-glucosidase (Table 7).
Furthermore the correlation coefficients between the aggregation ratio at the soil surface and
biotic and abiotic factors were shown in Table 8. The aggregation ratio showed negative
correlation coefficients to the enzyme activities (with exceptions in 2005, as described
above), to the soil temperature and to the total precipitation sum. In addition positive
significant correlations were found to the pH-value as well to the soil moisture content in
2004. Negative as well as positive significant correlations could be found between the Corg,
Cmic, Cmic/Corg ratio, nitrogen content, C/N ratio and the soil surface aggregation.
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Table 7 Correlation coefficients (R)a between enzyme activitiesb and biotic and abiotic parametersc at
the YOF site for 2004, 2005 and 2004/2005
acid-phosphatase ß-glucosidase
variable site 2004 2005 2004/2005 2004 2005 2004/2005
aggregation ratio YOF -0.950*** 0.093n.s. -0.569** -0.922*** -0.048n.s. -0.669***
Corg YOF 0.586*** 0.311* 0.378* 0.464** 0.127n.s. 0.225n.s.
Cmic YOF 0.890*** 0.605** 0.529*** 0.866*** 0.680*** 0.653***
Cmic/Corg ratio YOF 0.846*** 0.568*** 0.481** 0.834*** 0.704*** 0.650***
nitrogen YOF 0.329* 0.283n.s. 0.322* 0.529** 0.161n.s. 0.063n.s.
C/N ratio YOF 0.211n.s. 0.005 n.s. 0.011n.s. 0.065n.s. 0.320 n.s. 0.145n.s.
pH-value YOF -0.613*** 0.203 n.s. 0.009n.s. -0.480** -0.302 n.s. -0.297n.s.
moisture YOF 0.454** 0.066 n.s. 0.117n.s. 0.044n.s. 0.022n.s. 0.005n.s.
temp YOF 0.330* 0.205 n.s. 0.264n.s. 0.552*** 0.038n.s. 0.184n.s.
precipitation sum YOF 0.718*** 0.112n.s. 0.025n.s. 0.436** -0.494n.s. 0.073n.s.
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase, ß-glucosidase
c Aggregation ratio, organic carbon content (Corg), microbial carbon content (Cmic), Cmic/Corg ratio,
nitrogen content, C/N ratio, pH-value, soil moisture content (moisture), soil temperature as seven day
moving average (temp) and precipitation sum
Table 8 Correlation coefficients (R)a between the aggregation ratio and biotic and abiotic parametersb
at the YOF site for 2004, 2005 and 2004/2005
Aggregation ratio
variable site 2004 2005 2004/2005
Pho YOF -0.950*** 0.093n.s. -0.569**
Glu YOF -0.922*** -0.048n.s. -0.669***
Corg YOF -0.026n.s. -0.390* 0.098n.s.
Cmic YOF -0.891*** 0.308* -0.475**
Cmic/Corg YOF -0.895*** 0.418** -0.384*
nitrogen YOF -0.493** -0.505*** 0.056n.s.
C/N ratio YOF 0.190n.s. 0.360* -0.128n.s.
pH-value YOF 0.793*** 0.428* 0.459**
moisture YOF -0.404** -0.101n.s. -0.218n.s.
temp YOF -0.868*** -0.842*** -0.648***
precipitation sum YOF -0.974*** -0.847*** -0.827***
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase (Pho), ß-glucosidase (Glu), organic carbon content (Corg), microbial carbon
content (Cmic), Cmic/Corg ratio, nitrogen content, C/N ratio, pH-value, soil moisture content
(moisture), soil temperature as seven day moving average (temp) and precipitation sum
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4.2.3 Conventional Farming site
4.2.3.1 Enzyme activity
In Fig. 36 the enzyme activities of acid-phosphatase and ß-glucosidase at the Conventional
Farming (CF) site were shown. The activity values ranged in the whole experimental period
between 230 µg NP/g*h and 767 µg NP/g*h with a statistical mean of 469 µg NP/g*h for acid-
phosphatase and between 145 µg NP/g*h and 345 µg NP/g*h with a statistical mean of
202 µg NP/g*h for ß-glucosidase.
In spring 2004 the cultivation practices included liquid manure and urea application as well
as plowing and sowing corn. After the seedbed was fully prepared the soil sampling started
at 30-April-2004 with an activity rate of 456 µg NP/g*h for acid-phosphatase. After herbicide
application (Gardo Gold, Callisto), the activity of acid-phosphatase decreased stepwise to
230 µg NP/g*h at 26-May and increased in the following weeks stepwise to 482 µg NP/g*h
and showed subsequently more or less the same activity level until harvest (with an
exception at mid of September). After harvest at 11-October the activity of acid-phosphatase
raised and decreased again at the last sampling time in 2004 (10-November).
The ß-glucosidase activity at the first sampling in 2004 was 190 µg NP/g*h and decreased in
the subsequent weeks. Thereafter the glucosidase activity showed an increasing tendency
with lower levels in September. After harvest the activity of ß-glucosidase increased to
238 µg NP/g*h at 28-October and decreased at the last sampling time at 10-November-2004
to 211 µg NP/g*h (Fig. 36).
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Fig. 36 Enzyme activity of acid-phosphatase (Pho), ß-glucosidase (Glu) and cultivation practices at the
CF site in 2004 and 2005
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The sampling period 2005 started for the CF site at the same date as at the organic farming
sites. At the first sampling on 03-February-2005 the enzyme activity of acid-phosphatase and
ß-glucosidase showed more or less the same activity values as at the last sampling in 2004.
After liquid manure application the enzyme activities increased till 02-March to
469 µg NP/g*h and declined subsequently. After urea, sulfur and potassium fertilizer as well
as an additional potassic fertilizer the activity increased to 534 µg NP/g*h for acid-
phosphatase and to 268 µg NP/g*h for ß-glucosidase at 13-April. Thereafter the enzyme
activities decreased and increased after urea application at 26-April-2005. Subsequent to an
additional urea and herbicide (input, U46M, impulse) application the enzyme activities
decreased till 22-June and increased in the following six weeks to 767 µg NP/g*h for acid-
phosphatase and 345 µg NP/g*h for ß-glucosidase. After harvest, lime and liquid manure
application, plowing, sowing rape and an additional pesticide application the activity
decreased step by step in the following weeks but increased thereafter until the last sampling
in 2005 to 515 µg NP/g*h for acid-phosphatase and 180 µg NP/g*h for ß-glucosidase
(Fig. 36).
The regression analysis showed between acid-phosphatase and ß-glucosidase a high
positive significant correlation (P<0.001) with a correlation coefficient of R=0.733 and a
coefficient of determination of R2=0.537 (Fig. 37).
y = 1.9295x + 61.679
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Fig. 37 Relationship between acid-phosphatase and ß-glucosidase activity at the CF site in 2004 and
2005
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4.2.3.2 Soil temperature
The soil temperature at the CF site was shown as a seven day moving average in Fig. 38. In
spring 2004 the soil temperature 3 cm below the soil surface ranged between 8.6 °C and
15.1 °C and increased in summer 2004 to approximately 22 °C (8-August-2004). Thereafter
the soil temperature decreased stepwise to -2.1 °C in early January. In late January the
precipitation was fallen as snow and covered the soil surface with a 10 to 20 cm thick layer
until late February. After the snow thawed the soil temperature rose in general (with dynamic
changes) to 23.4 °C at mid of July-2005 and showed thereafter a decreasing trend until
winter.
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Fig. 38 Soil temperature* 3 cm below the soil surface at the CF site in 2004 and 2005
4.2.3.3 Carbon
Organic carbon (Corg)
The organic carbon content at 30-April-2004 was 9.71 mg/g and showed no change one day
after herbicide application, but decreased in the next four weeks to 7.20 mg/g. In the
following six weeks the organic carbon content increased stepwise and reached 8.10 mg/g at
22-July-2004. Thereafter the organic carbon decreased again to 6.70 mg/g at 16-September
and rose to 7.50 mg/g before harvest. After harvest the organic carbon content increased to
8.40 mg/g at 28-October and fall down to 8.00 mg/g at the last sampling time at
10-November-2004.
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At the first sampling in 2005 the organic carbon content was comparable to the content
reached at the last sampling in 2004 and showed an increasing trend after liquid manure
application and the following spring cultivation until mid of May-2005. After urea and
herbicide application the organic carbon content decreased and rose subsequent to
12.6 mg/g at 03-August and declined at the following sampling to 9.2 mg/g at 17-August.
After harvest, lime and liquid manure application the organic carbon content increased in a
small scale and decreased after plowing, sowing rape and pesticide application to 7.7 mg/g.
Subsequent the organic carbon content increased to 10.3 mg/g, decreased thereafter to
8.2 mg/g and increased to 9.1 mg/g at the end of the year 2005 (Fig. 39).
Microbial carbon (Cmic)
The microbial carbon content was at the first sampling in 2004 (30-April) 0.048 mg/g and
decreased after herbicide application in the following four weeks to 0.009 mg/g. In the next
eight weeks (four sampling times) the microbial carbon content increased stepwise to
0.100 mg/g at 22-July. Subsequent the microbial carbon content was nearly stable and
decreased to 0.044 mg/g at 16-September. Before harvest 2004 the content increased to
0.066 mg/g and rose to 0.088 mg/g after harvest and did not changed until the last sampling
time two weeks later (Fig. 39).
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Fig. 39 Organic carbon (Corg) content, microbial carbon (Cmic) content as well as cultivation practices
at the CF site in 2004 and 2005
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After winter time the microbial carbon content was 0.05 mg/g in February-2005 and showed
after liquid manure and fertilizer application an increasing trend to 0.19 mg/g. In the following
weeks the microbial carbon content declined to 0.06 mg/g at 27-April. Subsequent to the
potassium fertilization the microbial carbon content increased till 25-May to 0.11 mg/g and
declined after urea and herbicide application to 0.07 mg/g at 22-June and rose in the
following six weeks again to 0.18 mg/g. After harvest, lime, liquid manure and pesticide
application as well as plowing and sowing rape the microbial carbon content declined
stepwise to 0.06 mg/g until 28-September and increased till the last sampling (23-November-
2005) to 0.10 mg/g (Fig. 39).
Cmic/Corg ratio
At the first sampling in 2004 the Cmic/Corg ratio was 0.6 % and decreased after herbicide
application to 0.1 % until 26-May. Thereafter the Cmic/Corg content showed an increasing
trend until mid of August and decreased subsequently in the following four weeks to 0.7 %. In
the fall period the Cmic/Corg content increased to 1.1 % until the last sampling in October
2004. After the winter period the Cmic/Corg ratio was in early 2005 lower than compared to
the last sampling in November 2004 and showed then an increasing tendency until end of
March. Thereafter the Cmic/Corg ratio increased until August and decreased after fall
cultivation to 0.7 % at end of September. After this decrease the Cmic/Corg content
increased again in the following weeks to 1.1 % until 23-November-2005 (Fig. 40).
0.0
0.5
1.0
1.5
2.0
2.5
Ma
r-04
Ma
y-0
4
Jul-
04
Sep
-04
Nov
-04
Jan
-05
Ma
r-05
Ma
y-0
5
Jul-
05
Sep
-05
Nov
-05
C
m
ic
/C
or
g 
ra
tio
 [%
]
Cmic/Corg ratio_CF [%] cultivation
harvest / plowing
& sowing wheat
harvest / liming / liquid
manure / plowing & sowing
winter rape & pesticide
liquid manure / urea / sulphur
& potassium fertilizer /
potassic / urea
urea /
 herbicide
liquid manure /
plowing & sowing corn / urea
/ herbicide
Fig. 40 Cmic/Corg ratio as well as cultivation practices at the CF site in 2004 and 2005
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4.2.3.4 Nitrogen and C/N ratio
During spring and summer 2004 the nitrogen content ranged among 0.67 mg/g and
0.77 mg/g and decreased at mid of September to 0.62 mg/g. Thereafter the nitrogen content
increased at the following sampling and decreased subsequent until the last sampling in
October 2004. At the first sampling in 2005 the nitrogen content was more or less
comparable to the value reached at the last sampling in 2004 and showed an increasing
trend to 1.14 mg/g until 22-June-2005. Subsequently the nitrogen content decreased until
September and showed an increasing trend in October and lower levels in November
(Fig. 41).
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Fig. 41 Nitrogen content, C/N ratio and cultivation practices at the CF site in 2004 and 2005
4.2.3.5 pH-value
The pH-value showed beginning from the first sampling in 2004 (pH=9.2) a stepwise
decrease until mid of October (pH=6.2), with one exception in August, and increased after fall
cultivation to pH 6.5. In 2005 the pH was in early February 6.9 and decreased until mid of
May. Thereafter an increasing trend until the end of September was found (with high pH at
mid of June) and decreased stepwise to 6.0 until the last sampling in November-2005
(Fig. 42).
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Fig. 42 pH-value and cultivation practices at the CF site in 2004 and 2005
4.2.3.6 Soil moisture content
At the first three sampling times in 2004 dry conditions (water content between 2.7 and
3.0 %) were predominated. Thereafter the water content ranged between dry conditions (e.g.
5.0 %) and moist conditions (e.g. 15.8 %) in June and fall. In 2005 the soil moisture was high
in early February (24.0 %) and decreased stepwise to 9.0 % at 13-April.
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Fig. 43 Soil moisture content at the upper 3 cm of the CF soil samples as well as cultivation practices
in 2004 and 2005
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Afterwards the soil moisture content increased to 15.0 % at end of April and decreased
stepwise until 22-June and increased subsequent in the next two samplings to 16.0 %. At the
harvest the soil moisture content was 7.0 % and showed an increasing trend until the last
sampling at end of November (Fig. 43).
4.2.3.7 Soil surface roughness
The image analysis started at the CF site after plowing and sowing corn at 30-April-2004 until
14-October-2004. The initial aggregation ratio at the soil surface was 34.9 % and declined
after 16 mm precipitation to 31.7 %. After additional 23.8 mm precipitation with an intensive
rainfall event at 09-June-2004 (14.1 mm precipitation in 2 hours and a maximum intensity of
4.5 mm/h) the aggregation ratio decreased to 18.9 % at 10-June-2004 (Fig. 44).
CF site
30-April-2004
Precipitation sum: 0 mm
Aggregation ratio: 34.9 %
CF site
13-May-2004
Precipitation sum: 16.1 mm
Aggregation ratio: 31.7 %
CF site
10-June-2004
Precipitation sum: 39.9 mm
Aggregation ratio: 18.9 %
CF site
24-June-2004
Precipitation sum: 96.3 mm
Aggregation ratio: 8.3 %
CF site
08-July-2004
Precipitation sum: 159.3 mm
Aggregation ratio: 2.0 %
CF site
22-July-2004
Precipitation sum: 203.7 mm
Aggregation ratio: 0.7 %
CF site
05-August-2004
Precipitation sum: 228.8 mm
Aggregation ratio: 0.9 %
CF site
19-August-2004
Precipitation sum: 257.8 mm
Aggregation ratio: 0.3 %
CF site
02-September-2004
Precipitation sum: 305.2 mm
Aggregation ratio: 0.3 %
CF site
16-September-2004
Precipitation sum: 314.2 mm
Aggregation ratio: 1.6 %
CF site
30-September-2004
Precipitation sum: 389.5 mm
Aggregation ratio: 1.3 %
CF site
14-October-2004
Precipitation sum: 396.4 mm
Aggregation ratio: 1.7  %
Fig. 44 Image sequence of the inner core unit at the CF site, beginning at 30-April 2004 until 14-
October-2004
Results64
In the following two weeks the precipitation was 56.4 mm with 42.5 mm precipitation between
17 and 24-June and the aggregation ratio decreased to 8.3 % at 24-June. The soil surface at
the CF site appeared at this time visually sealed. Till the next image analysis at 08-July
63 mm precipitation (total precipitation: 159.3 mm) was fallen with 31 mm precipitation
between 01 and 07-July. The aggregation ratio decreased at this time to 2 % at the CF site
and was visually sealed and crusted. Thereafter the aggregation ratio declined with
increasing precipitation to 0.3 % and increased to 1.7 % until 14-October-2004.
The visual assessment of the soil surface exposed that after 16.1 mm precipitation first
crusting signs were visible at the soil surface and more pronounced after 39.9 mm
precipitation. After a total precipitation of 96.3 mm the soil surface was totally sealed until
??September. Starting at 16-September the visual analysis revealed that the soil surface
sealing was discontinued and a rougher soil surface was visible until October 2004 (Fig. 44).
The aggregation ratio in association with the precipitation sum is shown in Fig. 45 to make
the dynamic changes more visible.
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Fig. 45 Precipitation sum and aggregation ratio in 2004 at the CF site, beginning at 30-April-2004 until
14-October-2004
According to the winter wheat cultivation (sowing at 14-November-2004) the soil showed at
13-April a sealed surface without aggregates (aggregation ratio: 0.9 %) due to the 307 mm
winter and spring precipitation. After 57.5 mm additional precipitation (maximum intensity:
5.8 mm/h) the aggregation ratio increased to 2.5 % and showed thereafter more or less
constant aggregation levels until 07-July. Thereafter the aggregation ratio decreased to
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0.6 % after an additional precipitation sum of 145.6 mm (maximum precipitation intensity:
12.7 mm/h) and increased to 6.7 % until 03-August (additional precipitation sum: 225.6 mm;
maximum precipitation intensity: 5.1 mm/h) and declined after an additional precipitation sum
of 259.7 mm (maximum intensity of 10.6 mm/h) to 3.3 % at 17-August-2005. The visual
assessment of the CF soil surface exposed that beginning from the first image the soil
surface was totally sealed but showed a notable increasing soil surface roughness at
??August (Fig. 46). The image analysis at the CF site stopped at 17-August-2005 because of
the following harvest at 18-August-2005.
CF site
13-April-2005
Precipitation sum: 0.0 mm*
Aggregation ratio: 0.9 %
CF site
11-May-2005
Precipitation sum: 57.5 mm*
Aggregation ratio: 2.5 %
CF site
25-Mai-2005
Precipitation sum: 68.1 mm*
Aggregation ratio: 2.8 %
CF site
08-June-2005
Precipitation sum: 91.5 mm*
Aggregation ratio: 2.9 %
CF site
07-July-2005
Precipitation sum: 129.3 mm*
Aggregation ratio: 2.5 %
CF site
20-July-2005
Precipitation sum: 145.6 mm*
Aggregation ratio: 0.6 %
CF site
03-August-2005
Precipitation sum: 225.6 mm*
Aggregation ratio: 6.7  %
CF site
17-August-2005
Precipitation sum: 259.7 mm*
Aggregation ratio: 3.3 %
*To get the real precipitation sum which reached the soil surface, the precipitation fallen between sawing in fall
2004 and the first image analysis (307 mm) should be added to the precipitation sum shown under each image
Fig. 46 Image sequence of the inner core unit at the CF site, beginning at 13-April-2005 until 17-
August 2005
To make these changes more visible, the aggregation ratio in combination with the
precipitation sum (starting from the first image analysis) as well as the total precipitation
impact (in mm) to the soil surface after sowing in fall 2004 is shown in Fig. 47.
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Fig. 47 Initial precipitation fallen from the last cultivation in fall 2005 until first image analysis as well as
precipitation fallen after the first image analysis and aggregation ratio in 2005 at the CF site
4.2.3.8 Correlation statistics
In Table 9 the correlation coefficients as well as the significance level between acid-
phosphatase, ß-glucosidase activity and biotic and abiotic factors were shown. The enzyme
activities showed positive and sometimes negative correlations to the aggregation ratio at the
P<0.05 level or were not significant correlated. The Cmic and Corg contents as well as the
precipitation sum were in general significant and positively correlated to both enzymes. In
contrast the pH-value was negative and mostly significant correlated to the enzymes.
However the other factors such as Cmic/Corg ratio, nitrogen content, C/N ratio, soil moisture,
and soil temperature (as seven day moving average) were positively correlated at different
significant levels and showed sometimes no significance to the enzyme activity.
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Table 9 Correlation coefficients (R)a between enzyme activitiesb and biotic and abiotic parametersc at
the CF site for 2004, 2005 and 2004/2005
acid-phosphatase ß-glucosidase
variable site 2004 2005 2004/2005 2004 2005 2004/2005
aggregation ratio CF -0.396* 0.378* -0.325* -0.363* 0.274n.s. -0.339*
Corg CF 0.425** 0.594*** 0.656*** 0.490** 0.727*** 0.696***
Cmic CF 0.721*** 0.562*** 0.682*** 0.658*** 0.533*** 0.626***
Cmic/Corg ratio CF 0.708*** 0.304n.s. 0.470** 0.632*** 0.207n.s. 0.372*
nitrogen CF 0.023n.s. 0.501** 0.545*** 0.224n.s. 0.435** 0448**
C/N ratio CF 0.155n.s. 0.002n.s. 0.230n.s. 0.439** 0.363* 0.471**
pH-value CF -0.216n.s. -0.584*** -0.593*** -0.435** -0.601*** -0.622***
moisture CF 0.409** 0.390* 0.062n.s. 0.492** 0.064n.s. 0.142n.s.
temp CF 0.286n.s. 0.630*** 0.383* 0.016n.s. 0.279n.s. 0.124n.s.
precipitation sum CF 0.486** 0.338* 0.530** 0.715*** 0.260n.s. 0.320*
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase, ß-glucosidase
c Aggregation ratio, organic carbon content (Corg), microbial carbon content (Cmic), Cmic/Corg ratio,
nitrogen content, C/N ratio, pH-value, soil moisture content (moisture), soil temperature as seven day
moving average (temp) and precipitation sum
Furthermore correlation coefficients (R) and significance levels between the aggregation ratio
and biotic and abiotic factors were shown in Table 10. The aggregation ratio was positive as
well negative correlated to the enzyme activities (described above) and the Corg content was
not significantly correlated to the Corg content. Positive significant correlations were found to
the Cmic content and Cmic/Corg ratio (in 2004 and 2004/2005) as well as negative
significant correlations in 2005. The correlations between the aggregation ratio and nitrogen
content, C/N ratio, pH-value, soil moisture and soil temperature showed no clear trend during
the field experiment (significant as well as not significant positive and negative correlations
were found). The total precipitation was in 2004 and 2004/2005 negative and significant
correlated to the aggregation ratio and in 2005 negative and significant correlated due to the
crusted soil surface at beginning of the image analysis in 2005.
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Table 10 Correlation coefficients (R)a between the aggregation ratio and biotic and abiotic parametersb
at the CF site for 2004, 2005 and 2004/2005
Aggregation ratio
variable site 2004 2005 2004/2005
Pho CF -0.396* 0.378* -0.325*
Glu CF -0.363* 0.274n.s. -0.339*
Corg CF 0.229n.s. -0.007n.s. 0.242n.s.
Cmic CF -0.683*** 0.663*** -0.490**
Cmic/Corg CF -0.744*** 0.588** -0.609***
nitrogen CF 0.224n.s. -0.579*** 0.223n.s.
C/N ratio CF -0.052n.s. 0.602*** -0.203n.s.
pH-value CF 0.808*** -0.176n.s. 0.493**
moisture CF -0.708*** -0.229n.s. -0.595**
temp CF -0.469** 0.345* 0.248n.s.
precipitation sum CF -0.818*** 0.595*** -0.543**
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase (Pho), ß-glucosidase (Glu), organic carbon content (Corg), microbial carbon
content (Cmic), Cmic/Corg ratio, nitrogen content, C/N ratio, pH-value, soil moisture content
(moisture), soil temperature as seven day moving average (temp) and precipitation sum
4.3 Rainfall experiment
Environmental conditions
The rainfall tower is not equipped with air condition to control air temperature and moisture.
Despite of these conditions, soil temperature (as seven day moving average) showed only
moderate variations, ranging from 11.9 to 16.6 °C (Annex 2).
4.3.1 Old Organic Farming soil
4.3.1.1 Enzyme activity
The acid-phosphatase activity ranged between 915 µg NP/g*h (first sampling) and
809 µg NP/g*h (last sampling) with an average mean of 849 µg NP/g*h. The activity of ß-
glucosidase was at the initial sampling (before the first rainfall event) 436 µg NP/g*h and
showed as well as the phosphatase activity a decreasing trend until the last sampling. The ß-
glucosidase activity ranged between 436 µg NP/g*h and 256 µg NP/g*h with an average
mean of 313 µg NP/g*h (Fig. 48). The regression analysis revealed a positive significant
correlation (R=0.933) at the P<0.001 level between acid-phosphatase and ß-glucosidase.
Results 69
0
100
200
300
400
500
600
700
800
900
1000
1 2 3 4 5 6 7 8 9 10 11
weeks
µg
 n
itr
op
he
no
l g
ra
m
-1
 s
oi
l h
-1
Pho_OOF [µg/g] Glu_OOF [µg/g] rainfall events
Error bars indicate the standard deviation between 6 replications
Fig. 48 Enzyme activity of acid-phosphatase (Pho) and ß-glucosidase (Glu) at the OOF soil during the
rainfall experiment
4.3.1.2 Carbon
Organic carbon (Corg)
The organic carbon content changed during the rainfall between 11.0 and 10.0 mg/g
whereas the arithmetic mean was 10.5 mg/g. During the whole rainfall experiment a general
decreasing tendency could be found (Fig. 49).
Microbial carbon (Cmic)
The microbial carbon content at the OOF soil during the rainfall event ranged between
0.124 mg/g and 0.150 mg/g with an arithmetic of 0.137 mg/g. Due to the error bars no
positive or negative tendency could be found for the microbial carbon content during the
rainfall experiment (Fig. 49).
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Fig. 49 Organic carbon content (Corg) and microbial carbon content (Cmic) at the OOF soil during the
rainfall experiment
Cmic/Corg ratio
The Cmic/Corg ratio at the OOF soil showed in general an increasing trend beginning from
the first until the last sampling. During the whole rainfall experiment the Cmic/Corg ratio
ranged between 1.2 % and 1.4 % (Fig. 50).
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Fig. 50 Cmic/Corg ratio at the OOF soil during the rainfall experiment
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4.3.1.3 Nitrogen and C/N ratio
The nitrogen content at the OOF soil was 1.0 mg/g at the first soil sampling and increased
stepwise to 1.1 mg/g until the last sampling. At the OOF soil the C/N ratio ranged during the
rainfall experiment between 11.0 and 9.6 and showed in general a decreasing tendency with
increasing number of rainfall events (Fig. 51).
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Fig. 51 Nitrogen content and C/N ratio at the OOF soil during the rainfall experiment
4.3.1.4 pH-value
The pH-value during the rainfall experiment changed between pH 5.7 and pH 6.2 with an
arithmetic mean of pH 5.9 (Fig. 52).
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Fig. 52 pH-value at the OOF soil during the rainfall experiment
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4.3.1.5 Soil water
Soil moisture content
The soil moisture content was analyzed in two different ways at the laboratory rainfall
experiment as described in the material and methods part.
Primarily: The soil moisture content was measured gravimetrically on soil samples (upper 3
three cm of the soil surface) taken for the analysis of biotic and abiotic factors. The soil
moisture content at these samples ranged between 11.0 % and 3.6 % with a decreasing
tendency until the last sampling (Fig. 53).
Secondly: Thirty centimeters below the soil surface the moisture content was measured
continuously with TDR probes (mean of 24 hours) beginning a few days before the first
sampling until the last sampling. Before the first rainfall event the water content was at a
constant level (29.6 %) and rose after the first rainfall event to 31.1 % and after the second to
33.4 %. During the rainfall events (with exception of the first rainfall event) the water content
decreased (due to the suction plates which were installed at the bottom of each soil box) and
increased after each rainfall event. Generally the water content during the whole
experimental period ranged between 27.8 % and 33.4 % with a decreasing tendency during
the rainfall experiment (Fig. 53).
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Fig. 53 Soil moisture content of the OOF soil samples*, soil moisture content 30 cm below the soil
surface (bs) as well as water tension 3 cm below the soil surface (bs) during the rainfall experiment
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Matric potential
The soil water tension 3 cm below the soil surface was measured with tensiometer,
equitensiometer and gypsum block sensors every day in 30 minutes intervals. Subsequent
the mean of 24 hours was calculated. Due to the water tension range and the probe design
the tensiometer probes reached the best measured values and the highest resolution.
Therefore the data of the tensiometer probes were shown exclusively. The pF-value ranged
between dry soil conditions (e.g. pF 2.75) and moist soil conditions (e.g. pF 1.47). In general
it could be observed that the water tension decreased until two days after the rainfall event
and increased thereafter until the next rainfall event. Furthermore an increasing pF tendency
could be found during the experimental period (Fig. 53).
4.3.1.6 Soil surface roughness
The initial aggregation ratio at the soil surface of the OOF soil box 1 was 15.0 % and
decreased to 14.7 % after 15 mm precipitation. After a total rainfall of 30 mm the aggregation
ratio declined to 7.9 mm and to 3.4 % after 60 mm precipitation. After the sixth rainfall event
the aggregation ratio was 0.8 %, decreased to 0.6 % after 120 mm precipitation and to 0.3 %
after the tenth rainfall event. The visual analysis of the soil surface revealed that after 30 mm
precipitation the soil surface showed first sealing signs and was crusted after 60 mm rainfall
until the last rainfall event (Fig. 54).
OOF soil
initial (no rainfall)
Precipitation sum: 0 mm
Aggregation ratio:  15.0 %
OOF soil
after one rainfall event
Precipitation sum: 15 mm
Aggregation ratio:  14.7 %
OOF soil
after two rainfall events
Precipitation sum: 30 mm
Aggregation ratio:  7.9 %
OOF soil
after four rainfall events
Precipitation sum: 60 mm
Aggregation ratio:   3.4 %
OOF soil
after six rainfall events
Precipitation sum: 90 mm
Aggregation ratio:  0.8 %
OOF soil
after eight rainfall events
Precipitation sum: 120 mm
Aggregation ratio: 0.6  %
OOF soil
after ten rainfall events
Precipitation sum: 150 mm
Aggregation ratio: 0.3  %
*soil box 1
Fig. 54 Image sequence of the inner core unit at the OOF soil surface* during the rainfall experiment
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In Fig. 55 the dynamic aggregation ratio changes during the rainfall experiment in relation to
the rainfall sum is shown.
0
2
4
6
8
10
12
14
16
1 2 3 4 5 6 7 8 9 10 11
weeks
ag
gr
eg
at
io
n 
ra
tio
 [%
]
0
20
40
60
80
100
120
140
160
pr
ec
ip
ita
tio
n 
[m
m
]
precipitation sum [mm] aggregation ratio_OOF [%] rainfall events
* soil box 1
Fig. 55 Precipitation sum as well as aggregation ratio at the OOF soil surface* during the rainfall
experiment
4.3.1.7 Runoff
The runoff formation at the inner core unit of the OOF soil box 1 is shown in Fig. 56 During
the first and the second rainfall event no runoff could be measured. At the third and fourth
rainfall event the runoff started slowly with 0.7 % of rainfall (fallen in 6 minutes) among the 48
and 54 minute and reached 2.1 % of rainfall between the 54 and 60 minute. At the fifth and
sixth rainfall event the runoff at the soil surface started between the 42 and 48 minute with
0.7 % and rose to 3.5 % at the fifth and 4.2 % at the sixth rainfall between the 54 and 60
minute. At the seventh rainfall experiment the runoff started between the 36 and 42 minute
(0.7 % of rainfall) and at the eighth rainfall between the 30 and 36 minute (0.7 % of rainfall)
and reached among the 54 and 60 minute 6.3 % at the seventh and 13.9 % at the eighth
rainfall event. At the ninth rainfall event the runoff started between the 24 and 30 minute and
reached between the 54 and 60 minute 23.6 % of rainfall. At the last rainfall experiment the
runoff at the OOF site started among the 12 and 18 minute (0.7 % from rainfall) increased
between the 36 and 42 minute to 20.1 % and reached between the 54 and 60 minute an
amount of 27.8 % of rainfall (Fig. 56).
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The runoff was measured in 6 minutes intervals during each 60 minutes rainfall event. After each rainfall event the
soil surface was dried for duration of six days. At the seventh day the next rainfall event was conducted.
Fig. 56 Runoff during the rainfall events at the OOF soil surface (6 % slope) as % of rainfall fallen in 6
minutes
4.3.1.8 Correlation statistics
At the rainfall experiment the enzyme activity showed positive and significant correlations to
the aggregation ratio as well as to the soil moisture content. Negative significant correlations
were found to the Cmic content, Cmic/Corg ratio, nitrogen content, pH-value and to the
precipitation sum. No significant correlations were observed to the Corg content as well as to
the soil temperature as seven day moving average (Table 11).
Furthermore the SAS linear regression model was conduced between the aggregation ratio
at the soil surface and the variables shown in Table 12. Therefore positive significant
correlations could be found to the enzyme activities, C/N ratio and to the soil moisture
content. Negative significant correlations were revealed to the Cmic content, Cmic/Corg
content, nitrogen content, pH-value, total rainfall as well as to the rainfall runoff ratio. No
significant correlation could be found between the aggregation ratio and the Corg content as
well as to the soil temperature.
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Table 11 Correlation coefficients (R)a between enzyme activitiesb and biotic and abiotic parametersc at
the OOF soil during the rainfall experiment
rainfall experiment
variable site acid-phosphatase ß-glucosidase
aggregation ratio OOF 0.914*** 0.949***
Corg OOF -0.137 n.s. -0.138 n.s.
Cmic OOF -0.871*** -0.810***
Cmic/Corg ratio OOF -0.937*** -0.955***
nitrogen OOF -0.653*** -0.412**
C/N ratio OOF 0.629*** 0.379*
pH-value OOF -0.497** -0.534**
moisture OOF 0.891*** 0.830***
temp OOF 0.003 n.s. -0.166 n.s.
precipitation sum OOF -0.938*** -0.853***
rainfall/runoff ratio OOF -0.679*** -0.638***
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase, ß-glucosidase
c Aggregation ratio, organic carbon (Corg) content, microbial carbon (Cmic) content, Cmic/Corg ratio,
nitrogen content, C/N ratio, pH-value, soil moisture content (moisture), soil temperature as seven day
moving average (temp), precipitation sum and rainfall/runoff ratio
Table 12 Correlation coefficients (R)a between the aggregation ratio and biotic and abiotic parametersb
at the OOF site during the rainfall experiment
rainfall experiment
variable site aggregation ratio
Pho OOF 0.914***
Glu OOF 0.949***
Corg OOF -0.046n.s.
Cmic OOF -0.744***
Cmic/Corg OOF -0.892***
nitrogen OOF -0.560**
C/N ratio OOF 0.567**
pH-value OOF -0.726***
moisture OOF 0.762***
temp OOF -0.151n.s.
precipitation sum OOF -0.906***
rainfall/runoff ratio OOF -0.586**
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase (Pho), ß-glucosidase (Glu), organic carbon (Corg) content, microbial carbon
(Cmic) content, Cmic/Corg ratio, nitrogen content, C/N ratio, pH-value, soil moisture content
(moisture), soil temperature as seven day moving average (temp), precipitation sum and rainfall/runoff
ratio
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4.3.2 Young Organic Farming soil
4.3.2.1 Enzyme activity
The YOF soil showed before the first rainfall event an activity rate of 566 µg NP/g*h for acid-
phosphatase and 288 µg NP/g*h for ß-glucosidase. In general a decreasing trend could be
observed for the enzyme activities during the whole rainfall experiment. The enzyme activity
was seven days after the last rainfall 503 µg NP/g*h acid-phosphatase and 257 µg NP/g*h
for ß-glucosidase (Fig. 57).
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Error bars indicate the standard deviation between 6 replications
Fig. 57 Enzyme activity of acid-phosphatase (Pho) and ß-glucosidase (Glu) at the YOF soil during the
rainfall experiment
4.3.2.2 Carbon
Organic carbon (Corg)
During the rainfall experiment the Corg content was at a more or less constant level with a
range between 13.09 mg/g and 13.47 mg/g at the YOF soil (Fig. 58).
Microbial carbon (Cmic)
The microbial content ranged at the YOF soil between 0.11 mg/g and 0.13 mg/g and showed
due to the error bars in general a more or less constant level during the rainfall experiment
(Fig. 58).
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Fig. 58 organic carbon (Corg) content and microbial carbon (Cmic) at the YOF soil during the rainfall
experiment
Cmic/Corg ratio
At the rainfall experiment the Cmic/Corg ratio showed an increasing tendency with increasing
number of rainfall events. The Cmic/Corg ranged in general between 0.8 % and 1.1 % and
showed an average mean of 1.0 % (Fig. 59).
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Fig. 59 Cmic/Corg ratio at the YOF soil during the rainfall experiment
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4.3.2.3 Nitrogen and C/N ratio
The nitrogen content at the YOF soil showed weak dynamic changes during the rainfall
experiment with a maximum content of 1.20 mg/g and minimum content of 1.14 mg/g. The
C/N ratio showed as well as the nitrogen content nearly constant conditions. The C/N ratio
ranged between C/N=11.7 and C/N=11.0 during the whole experimental period (Fig. 60).
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Fig. 60 Nitrogen content and C/N ratio at the YOF soil during the rainfall experiment
4.3.2.4 pH-value
During the rainfall experiment the pH-value showed in general an increasing tendency and
ranged in the upper 3 cm of the YOF soil surface between pH=7.1 and pH=7.4 (Fig. 61).
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Fig. 61 pH-value at the YOF soil during the rainfall experiment
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4.3.2.5 Soil water
Soil moisture content
The gravimetrically measured soil moisture of the soil samples ranged between 11.0 % and
3.8 % with a general decreasing tendency at the last four sampling times (Fig. 62). The
continuous measured water content 30 cm (mean of 24 hours) below the soil surface (bs)
was previous to the first rainfall event more or less at a constant level (29.3 %) and increased
after the first rainfall event to 31.4 % and after the second rainfall event to 33.1 %. In general
the water content decreased during the rainfall events (with exception of the first rainfall
event) due to the installed suction plates at the bottom of each soil box and increased after
each rainfall. In general the water content during the rainfall experiment ranged between
33.1 % and 27.3 % and showed a decreasing tendency with increasing number of rainfall
events (Fig. 62).
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Fig. 62 Soil moisture content of the YOF soil samples*, soil moisture content 30 cm below the soil
surface (bs) as well as water tension 3 cm below the soil surface (bs) during the rainfall experiment
Matric potential
During the whole rainfall experiment the soil water tension was measured with three different
water tension devices every 30 minutes. The tensiometer devices showed the best and most
consistent datasets and were therefore exclusively shown as mean of 24 hours. The pF-
value ranged between dry soil conditions (e.g. pF 2.60) and moist soil conditions (e.g. pF
1.40). In general it could be observed that the water tension decreased until two days after
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the rainfall events and increased thereafter until the next rainfall event. Furthermore a
general increase during the experimental period could be observed (Fig. 62).
4.3.2.6 Soil surface roughness
The image analysis at the rainfall experiment showed an initial aggregation ratio of 15.2 % at
the YOF site. The aggregation ratio declined to 14.0 % after the first rainfall event and
decreased subsequent with increasing number of rainfall events to 0.2 % after 150 mm
precipitation. The visual assessment exposed that after 30 mm rainfall the soil surface was
initially crusted and after 60 mm rainfall totally crusted until the last image analysis (Fig. 63).
YOF soil
initial (no rainfall)
Precipitation sum: 0 mm
Aggregation ratio: 15.2  %
YOF soil
after one rainfall event
Precipitation sum: 15 mm
Aggregation ratio: 14.0  %
YOF soil
after two rainfall events
Precipitation sum: 30 mm
Aggregation ratio: 10.1  %
YOF soil
after four rainfall events
Precipitation sum: 60 mm
Aggregation ratio: 5.4  %
YOF soil
after six rainfall events
Precipitation sum: 90 mm
Aggregation ratio: 1.6  %
YOF soil
after eight rainfall events
Precipitation sum: 120 mm
Aggregation ratio: 0.6  %
YOF soil
after ten rainfall events
Precipitation sum: 150 mm
Aggregation ratio: 0.2  %
* soil box 1
Fig. 63 Image sequence of the inner core unit at the YOF soil surface* during the rainfall experiment
The aggregation ratio at the soil surface in combination with the rainfall sum during the
rainfall experiment is shown in Fig. 64.
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Fig. 64 Precipitation sum as well as aggregation ratio at the YOF soil surface* during the rainfall
experiment
4.3.2.7 Runoff
The runoff at the YOF soil surface started at the second rainfall event between the 36 and
42 minute with 1.4 % of rainfall and reached 7.6 % of rainfall among the 54 and 60 minute.
During the third rainfall the runoff started as well at the second rainfall between 36 and
42 minutes but rose to 11.1 % between the 54 and 60 minute. At the fourth and fifth rainfall
event the runoff started between 30 and 36 minutes and rose to 13.9 % of rainfall at the
fourth and to 16.0 % of rainfall at the fifth rainfall event. During the sixth and seventh period
the runoff started among 24 and 30 minutes and reached 21.5 % of rainfall between 54 and
60 minutes at the sixth and 22.2 % at the seventh rainfall period. At the eighth and ninth
period the runoff began during 24 and 30 minutes and reached 25 % of rainfall at the eighth
and 42.4 % at the ninth rainfall event during the 54 to 60 minute time interval. At the last
rainfall event the runoff started among 12 and 18 minutes and reached the maximum of
49.3 % between the 54 to 60 minutes time interval (Fig. 65).
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The runoff was measured in 6 minutes intervals during each 60 minutes rainfall event. After each
rainfall event the soil surface was dried for duration of six days. At the seventh day the next rainfall
event was conducted.
Fig. 65 Runoff during the rainfall events at the YOF soil surface (6 % slope) as % of rainfall fallen in 6
minutes
4.3.2.8 Correlation statistics
At the rainfall experiment the enzyme activity of acid-phosphatase and ß-glucosidase was
significant and positive correlated to the aggregation ratio and to the soil moisture in the
upper 3 cm of the soil surface. Significant negative correlations were found to the Cmic
content, Cmic/Corg ratio and to the precipitation sum. Furthermore the acid-phosphatase
activity showed positive significant correlations to the nitrogen content and soil temperature
and a negative significant correlation to Corg. No significance could be found to the pH-
value. The ß-glucosidase was negative and significant correlated to the pH-value and
showed moreover no significant correlations to the Corg content, nitrogen content, C/N ratio,
soil temperature (as seven day moving average) and to the rainfall/runoff ratio (Table 13).
The aggregation ratio at the YOF site was positive significant correlated to the acid-
phosphatase, ß-glucosidase activity as well as the soil moisture content. Negative significant
correlations were found to the Cmic content, Cmic/Corg ratio, pH-value, rainfall sum and to
the rainfall/runoff ratio. No significance was found between the aggregation ratio and the
Corg and nitrogen content as well as to the C/N ratio and to the soil temperature (Table 14).
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Table 13 Correlation coefficients (R)a between enzyme activitiesb and biotic and abiotic parametersc at
the YOF soil during the rainfall experiment
rainfall experiment
variable site acid-phosphatase ß-glucosidase
aggregation ratio YOF 0.659*** 0.432**
Corg YOF -0.482** -0.189n.s.
Cmic YOF -0.657*** -0.510**
Cmic/Corg ratio YOF -0.618*** -0.502**
nitrogen YOF 0.534** -0.232n.s.
C/N ratio YOF -0.568*** 0.098n.s.
pH-value YOF -0.271n.s. -0.454**
moisture YOF 0.452*** 0.648***
temp YOF 0.527*** 0.183n.s.
precipitation sum YOF -0.802*** -0.424**
rainfall/runoff ratio YOF -0.569** -0.076n.s.
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase, ß-glucosidase
c Aggregation ratio, organic carbon (Corg) content, microbial carbon (Cmic) content, Cmic/Corg ratio,
nitrogen content, C/N ratio, pH-value, soil moisture content (moisture), soil temperature as seven day
moving average (temp), precipitation sum and rainfall/runoff ratio
Table 14 Correlation coefficients (R)a between the aggregation ratio and biotic and abiotic parametersb
at the YOF site during the rainfall experiment
rainfall experiment
variable site aggregation ratio
Pho YOF 0.659***
Glu YOF 0.432**
Corg YOF -0.126n.s.
Cmic YOF -0.938***
Cmic/Corg YOF -0.949***
nitrogen YOF -0.040n.s.
C/N ratio YOF 0.019n.s.
pH-value YOF -0.788***
moisture YOF 0.630***
temp YOF 0.037n.s.
precipitation sum YOF -0.954***
rainfall/runoff ratio YOF -0.828***
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase (Pho), ß-glucosidase (Glu), organic carbon (Corg) content, microbial carbon
(Cmic) content, Cmic/Corg ratio, nitrogen content, C/N ratio, pH-value, soil moisture content
(moisture), soil temperature as seven day moving average (temp), precipitation sum and rainfall/runoff
ratio
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4.3.3 Conventional Farming soil
4.3.3.1 Enzyme activity
During the rainfall experiment the enzyme activity of acid-phosphatase ranged between
554 µg NP/g*h and 470 µg NP/g*h and showed a decreasing tendency until the last
sampling. Furthermore the ß-glucosidase activity ranged between 230 µg NP/g*h and
163 µg NP/g*h and showed as well as the acid-phosphatase a decreasing trend during the
rainfall experiment (Fig. 66).
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Fig. 66 Enzyme activity of acid-phosphatase (Pho) and ß-glucosidase (Glu) at the CF soil during the
rainfall experiment
4.3.3.2 Carbon
Organic carbon (Corg)
The organic carbon content stayed during the whole rainfall experiment at a more or less
constant level with changes between 7.8 mg/g and 8.4 mg/g (Fig. 67).
Microbial carbon (Cmic)
During the rainfall experiment the CF soil had microbial carbon contents between 0.097 mg/g
and 0.107 mg/g. No increasing or decreasing tendency could be observed due to the error
bars (Fig. 67).
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Fig. 67 Organic carbon (Corg) content and microbial carbon (Cmic) at the CF soil during the rainfall
experiment
Cmic/Corg ratio
In addition to the Cmic and Corg contents the Cmic/Corg ratio showed only weak dynamic
changes between 1.2 % and 1.3 % (Fig. 67).
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Fig. 68 Cmic/Corg ratio at the CF soil during the rainfall experiment
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4.3.3.3 Nitrogen and C/N ratio
In the rainfall experiment the nitrogen content ranged between 0.73 mg/g and 0.94 mg/g with
an increasing tendency until the seventh rainfall event and a subsequent decreasing
tendency. Furthermore the calculated C/N ratio showed during the first 7 rainfall events a
decreasing trend and increased after the seventh until the last rainfall event. The C/N ratio
showed dynamic changes between 11.1 and 9.0 (Fig. 69).
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Fig. 69 Nitrogen content and C/N ratio at the CF soil during the rainfall experiment
4.3.3.4 pH-value
In the rainfall experiment the pH-value showed weak dynamic changes with the maximum
value at pH 6.7 and a minimum value at pH 6.4 (Fig. 70).
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Fig. 70 pH-value at the CF soil during the rainfall experiment
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4.3.3.5 Soil water
Soil moisture content
The soil moisture content in the soil samples of the upper 3 cm of the soil surface (taken for
the biotic and abiotic analysis) changed between 13.0 % and 1.6 % with a decreasing trend
during the at the last five sampling times (Fig. 71).
The continuous measured water content 30 cm below the soil surface was and expressed as
mean of 24 hours during the laboratory experiment. Before the first rainfall event the soil
moisture content was at a nearly constant level with more or less 29.3 % and increased
subsequent to first and second rainfall event to 32.8 %. In general two days after the rainfall
event the soil moisture content increased and decreased subsequent until the next rainfall
event. Furthermore it could be observed that the water content 30 cm below the surface
showed a decreasing tendency with increasing number of rainfall events (Fig. 71).
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Fig. 71 Soil moisture content of the CF soil samples*, soil moisture content 30 cm below the soil
surface (bs) as well as water tension 3 cm below the soil surface (bs) during the rainfall experiment
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Matric potential
In the rainfall experiment the soil water tension 3 cm below the soil surface was measured
continuously and shown as mean of 24 hours in Fig. 71. The water tension as expressed as
pF-value ranged during the experiment between dry soil conditions (e.g. pF 2.64) and moist
soil conditions (e.g. pF 1.48). In general the water tension decreased until 2 after the rainfall
events and increased subsequently until the next rainfall event.
4.3.3.6 Soil surface roughness
The initial aggregation ratio at the soil surface of the CF soil box was 13.0 %, decreased to
11.3 % after the first rainfall and to 4.8 % after the second rainfall. Subsequent the
aggregation ratio declined with increasing number of rainfall events to 0.0 % after the tenth
rainfall event. In the visual assessment it could be revealed that after 15 mm rainfall the soil
surface showed a weak but visible soil surface sealing behavior. After 30 mm precipitation
the soil surface was totally sealed and crusted until the last rainfall event (Fig. 72).
CF soil
initial (no rainfall)
Precipitation sum: 0 mm
Aggregation ratio: 13.0  %
CF soil
after one rainfall event
Precipitation sum: 15 mm
Aggregation ratio: 11.3  %
CF soil
after two rainfall events
Precipitation sum: 30 mm
Aggregation ratio: 4.8  %
CF soil
after four rainfall events
Precipitation sum: 60 mm
Aggregation ratio: 1.0  %
CF soil
after six rainfall events
Precipitation sum: 90 mm
Aggregation ratio: 0.3  %
CF soil
after eight rainfall events
Precipitation sum: 120 mm
Aggregation ratio: 0.2  %
CF soil
after ten rainfall events
Precipitation sum: 150 mm
Aggregation ratio: 0.0  %
* soil box 1
Fig. 72 Image sequence of the inner core unit at the CF soil surface* during the rainfall simulation
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Furthermore the aggregation ratio at the CF soil surface in relation to the rainfall sum is
shown in Fig. 73.
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Fig. 73 Precipitation sum as well as aggregation ratio at the CF soil surface* during the rainfall
experiment
4.3.3.7 Runoff
The runoff at the conventional farming soil during the rainfall experiment started at the
second rainfall event among 36 and 42 minutes of rainfall and reached a runoff rate of
10.4 % of rainfall during the 54 to 60 minutes interval. At the third rainfall event the runoff
started in the 18 to 24 minute interval and beginning at the fourth to the eighth rainfall event
between 12 and 18 minutes. At the ninth and tenth rainfall event the runoff started in the 6 to
12 minute interval. At the 54 to 60 minute interval the runoff was 32.6 % of rainfall in the sixth
rainfall event and 61.8 % of rainfall in the tenth rainfall event, respectively (Fig. 74).
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The runoff was measured in 6 minutes intervals during each 60 minutes rainfall event. After each rainfall event the
soil surface was dried for duration of six days. At the seventh day the next rainfall event was conducted.
Fig. 74 Runoff during the rainfall events at the CF soil surface (6 % slope) as % of rainfall fallen in 6
minutes
4.3.3.8 Correlation statistics
In the regression analysis the enzyme activities of acid-phosphatase and ß-glucosidase
showed positive and significant correlation to the aggregation ratio and to the soil moisture
content. Negative significant correlations were found to the pH value, precipitation sum and
to the rainfall/runoff ratio. No significant correlation could be found between the enzyme
activities and the Corg, Cmic and nitrogen content as well as to the C/N ratio and the soil
temperature as seven day moving average (Table 15).
Furthermore the aggregation ratio was tested against the variables shown in Table 16.
Significant correlations were found to the enzyme activities, the Cmic/Corg ratio, C/N ratio as
well as to the soil moisture content in the soil samples. Negative significant correlations were
found between the aggregation ratio and Corg, nitrogen, pH-value, total rainfall and to the
rainfall/runoff ratio. Furthermore no significant correlation was found to Cmic content and to
the soil temperature as seven day moving average 3 cm below the soil surface.
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Table 15 Correlation coefficients (R)a between enzyme activitiesb and biotic and abiotic parametersc at
the CF soil during the rainfall experiment
rainfall experiment
variable site acid-phosphatase ß-glucosidase
aggregation ratio CF 0.820*** 0.825***
Corg CF -0.304n.s. -0.299n.s.
Cmic CF 0.137n.s. 0.217n.s.
Cmic/Corg ratio CF 0.254n.s. 0.315n.s.
nitrogen CF -0.207n.s. -0.336n.s.
C/N ratio CF 0.197n.s. 0.370*
pH-value CF -0.807*** -0.860***
moisture CF 0.810*** 0.882***
temp CF 0.083n.s. 0.027n.s.
precipitation sum CF -0.927*** -0.803***
rainfall/runoff ratio CF -0.688*** -0.910***
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase, ß-glucosidase
c Aggregation ratio, organic carbon (Corg) content, microbial carbon (Cmic) content, Cmic/Corg ratio,
nitrogen content, C/N ratio, pH-value, soil moisture content (moisture), soil temperature as seven day
moving average (temp), precipitation sum and rainfall/runoff ratio
Table 16 Correlation coefficients (R)a between the aggregation ratio and biotic and abiotic parametersb
at the CF site during the rainfall experiment
rainfall experiment
variable site aggregation ratio
Pho CF 0.820***
Glu CF 0.852***
Corg CF -0.559**
Cmic CF 0.117n.s.
Cmic/Corg CF 0.363*
nitrogen CF -0.626**
C/N ratio CF 0.606***
pH-value CF -0.960***
moisture CF 0.756***
temp CF -0.276n.s.
precipitation sum CF -0.857***
rainfall/runoff ratio CF -0.887***
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase (Pho), ß-glucosidase (Glu), organic carbon (Corg) content, microbial carbon
(Cmic) content, Cmic/Corg ratio, nitrogen content, C/N ratio, pH-value, soil moisture content
(moisture), soil temperature as seven day moving average (temp), precipitation sum and rainfall/runoff
ratio
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5 Discussion
In this chapter the effects of the agricultural management system on the enzyme activities
and measured factors such as organic carbon, microbial carbon, Cmic/Corg ratio, nitrogen,
C/N ratio, pH-value as well as temperature and soil moisture content are described. In
addition these factors are discussed if they were significantly influenced from the
management systems as well as if they have the potential to affect the enzyme activities and
their dynamic changes. Furthermore the soil surface behavior during the field experiment as
well as at the rainfall experiment is considered. Over and above in the rainfall experiment the
runoff pattern in combination with the infiltration rate, the changed water matric potential as
well as the water content underneath the soil surface are shown and the effects discussed.
5.1 Influence of management systems on soil biotic and abiotic factors
5.1.1 Enzyme activity of acid-phosphatase and ß-glucosidase
The rhizosphere is generally known to be a zone of increased microbial activity as well as of
enlarged enzyme activity (Bandick and Dick, 1999). In the accomplished experiments the
enzyme activity of acid-phosphatase in the upper 3 cm of the soil surface ranged (at the
three sites) between 230 µg NP/g*h and 888 µg NP/g*h in the field experiment and between
470 µg NP/g*h and 916 µg NP/g*h in the laboratory rainfall experiment (Fig. 75). Klose and
Tabatabai (2002a, b) found in this regard enzyme activities in the summer (two observations)
and in the fall (two observations) of 226 µg NP/g*h up to 641 µg NP/g*h in German topsoil
(0 -10 cm). Also Ekenler and Tabatabai (2003a) found at one sampling during the summer
vegetation period in the top 5 cm of an Iowa (USA) soil activities of 323 µg NP/g*h up to
386 µg NP/g*h for acid-phosphatase. The lower enzymes activities were explained from
several other researches (e.g. Bergstrom et al., 1998; Curci et al., 1997; Doran, 1980; Dick,
1984; Dick et al., 1988; Ekenler and Tabatabai, 2003a; Landgraf and Klose, 2002; Tabatabai,
1994) who in general found lower enzyme activities with increasing soil depth.
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The enzyme activity of acid-phosphatase was at the first sampling in the rainfall experiment at the
same level as at the soil sampling on 14-October-2005 in the field experiment
Error bars indicate the standard deviation between 9 replications in the field and 6 replications in the
rainfall experiment
Fig. 75 Enzyme activity of acid-phosphatase (Pho) at the OOF, YOF and CF sites in the field (a) and
laboratory rainfall experiment (b)
The ß-glucosidase activity in the top 3 cm of the OOF, YOF and CF soil ranged from
145 µg NP/g*h to 443 µg NP/g*h in the field experiment and between 163 µg NP/g*h and
397 µg NP/g*h in the laboratory rainfall experiment (Fig. 75). Concerning this matter Acosta-
Martinez et al. (1999) found in the upper 1.3 cm of a silty clay loam (Indiana, USA) in two
a
b
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summer and one fall sampling activities between 494 µg NP/g*h and 613 µg NP/g*h.
Furthermore Mendes et al. (1999) measured in the upper 20 cm of an Oregon soil (USA) in
June and September (one sampling per month) activities between 100 µg NP/g*h and
120 µg NP/g*h. Landgraf and Klose (2002) detected enzyme activities on one date in May
between 76 µg NP/g*h and 89 µg NP/g*h in the top 5 cm of a German sandy soil.
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The enzyme activity of ß-glucosidase was at the first sampling in the rainfall experiment at the same
level as at the soil sampling on 14-October-2005 in the field experiment
Error bars indicate the standard deviation between 9 replications in the field and 6 replications in the
rainfall experiment
Fig. 76 Enzyme activity of ß-glucosidase (Glu) at the OOF, YOF and CF sites in the field (a) and
laboratory rainfall experiment (b)
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In general the enzyme activities of acid-phosphatase and ß-glucosidase showed during two
years of continuous measurement at the field experiment more dynamic effects than during
the rainfall experiment. Schneider et al. (2001) found in central Spain as well high dynamic
changes between seasons, while Bandick and Dick (1999) and Dick et al. (1988) observed in
the North American region only weak seasonality changes in acid-phosphatase and ß-
glucosidase activity. In Fig. 77 the Box-Whisker plot analysis is shown.
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In general the mean values of acid-phosphatase and ß-glucosidase were at the OOF site
higher than at the YOF site. Both organically managed sites (OOF, YOF) showed higher
mean square values for acid-phosphatase (with an exception for 2005) and ß-glucosidase
than at the CF site. Therefore the Young Organic Farming (recently established) system can
be understood as interstage between the Conventionally Farming system and the well
established Old Organic Farming system. This result was in accordance with other
researches who found that acid-phosphatase and ß-glucosidase activity can differentiate
between soil management systems (Bandick and Dick, 1999; Ndiaye et al., 2000). Therefore
Mäder et al. (2002) found higher acid-phosphatase activities in organic farming systems than
in conventional farming systems of a loess soil in Switzerland. Kahle et al. (2004) found as
well higher ß-glucosidase and phosphatase activities under organic condition than under
conventional conditions. The higher enzyme activity of acid-phosphatase and ß-glucosidase
at the organic farming sites (e.g. with cover crops) compared to the conventional farming site
(e.g. without cover crops) were be explained by findings of Mäder et al. (2002) who found
increased root length in organically farming systems compared to conventionally systems.
George et al. (2002), Schneider et al. (2001) and Schinner and Sonnleitner (1996a) showed
that the acid-phosphatase activity in the rhizosphere is in general affected by plant roots. In
addition Tabatabai (1994) revealed that ß-glucosidase activity increased as a result of
enhanced plant root growth. Furthermore Bandick and Dick (1999) showed that winter cover
crops increase the enzyme activity, probably due to the increased concentration of organic C
compounds (Alvarez et al., 1995). The ANOVA results are shown in Table 17.
Table 17 One factor analysis of variance (ANOVA) for acid-phosphatase (a) and ß-glucosidase (b)
activity in 2004, 2005, 2004/2005 and in the rainfall experiment
Pho-2004 OOF YOF
YOF 0.1762
CF 0.0000 0.0000
Pho-2005 OOF YOF
YOF 0.0000
CF 0.0007 0.2941
Pho-04/05 OOF YOF
YOF 0.0000
CF 0.0000 0.5695
Pho-rain OOF YOF
YOF 0.0000
CF 0.0000 0.0231
Glu-2004 OOF YOF
YOF 0.1762
CF 0.0000 0.0000
Glu-2005 OOF YOF
YOF 0.0074
CF 0.0000 0.0078
Glu-04/05 OOF YOF
YOF 0.0036
CF 0.0000 0.0000
Glu-rain OOF YOF
YOF 0.0320
CF 0.0000 0.0024
Bold numbers indicate significant differences
The Box-Whisker-Plots as well as the ANOVA analysis exhibited for 2004 that the acid-
phosphatase and ß-glucosidase activity at organic farming sites were not significantly
different among themselves but were significantly different to the acid-phosphatase and ß-
glucosidase activity at the conventional farming site. In 2005 and for the whole experimental
a
b
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field period (2004 and 2005 combined) the enzyme activity was significantly different
between the Old Organic Farming site, the Young Organic Farming site and the
Conventional Farming site. These findings were in accordance with Green et al. (2006) who
showed that acid-phosphatase activity was sensitive to the soil management in the surface
depth of 0 - 5 cm as well as to Deng and Tabatabai (1997) who revealed that tillage and
residue management practices have similar effects on the activities of the enzymes involved
in C and P cycling in soils.
To analyze if the dynamic changes of acid-phosphatase and ß-glucosidase at each site were
significantly correlated, the SAS linear regression method was conducted. The results
showed a high positive correlation between both enzyme activities at the OOF, YOF and CF
sites in the field experiment (Table 18). The correlation coefficients for the laboratory rainfall
experiment are not shown, because the dynamic changes for acid-phosphatase and ß-
glucosidase were too weak to calculate valid correlations.
Table 18 Correlation coefficients (R)a between acid-phosphatase and ß-glucosidase in the field
experiment 2004, 2005 as well as for 2004/2005
year Glusite enzyme
2004 2005 2004/2005
2004 0.940***
2005 0.571**OOF
2004/2005 0.693***
2004 0.829***
2005 0.614**YOF
2004/2005 0.704***
2004 0.737***
2005 0.680***CF
2004/2005
P
ho
0.733***
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
The significant correlations between the enzymes at each site showed that the management
system in general influenced the acid-phosphatase and ß-glucosidase activity in the same
way. Other researchers as well found positive significant correlations (e.g. range of R=0.38*,
R=0.58***, R=0.81**) between acid-phosphatase (Acosta-Martinez et al., 2004; Green, 2006)
and ß-glucosidase (Acosta-Martinez et al., 2004). Deng and Tabatabai (1997) revealed that
tillage and residue management practices have similar effects on the activities of enzymes
which are involved in the C and P cycles in soils.
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5.1.2 Influence of the soil texture on the enzyme activity
A substantial fraction of extracellular (abiotic) enzyme activity such as acid-phosphatase and
ß-glucosidase can be stabilized on clay and/or humus colloids and can maintain their activity
for extended periods of time (Acosta-Martinez et al., 2004; Beck and Beck, 2000; Knight and
Dick, 2004; Koroljova-Skorobogatko et al., 1998; Nannipieri et al., 1996; Rao et al., 1996).
Knight and Dick (2004) also stated that the stabilization of ß-glucosidase in the soil matrix is
controlled by chemical complexation/sorption processes, the chemical character of organic
matter inputs and physical protection mechanisms. In addition Tarafdar and Marschner
(1994) revealed that high clay contents resulted in an increased phosphatase activity in the
root surface area. Ladd et al. (1996) and Sparling (1997) showed that in general greater
microbial biomass C, and therefore enzyme activities can rather be sustained in finer
textured soils, compared to coarser-textured soils under similar land use. The soil enzymes,
if stabilized are resistant against denaturizing by heat and other stresses (Burns, 1982; Deng
and Tabatabai, 1994; Miller and Dick, 1995b; Nannipieri et al., 1988; 1996; 2002; Tabatabai,
1994), because they are decoupled from microbial regulations (Burns, 1982). Furthermore
the clay content stabilizes organic carbon against oxidation (Golchin et al., 1994; Ladd et al.,
1993) because the adsorption of organic molecules onto clay mineral surfaces provides
mechanism of stabilization of organic matter against microbial attack (Baldock and Nelson,
2000; Ladd et al., 1996). The clay contents ranged between 10.1 % at the OOF site and
14.6 % at the YOF site. Due to the small differences between the soil textures the enzyme
activities were presumably not soil related.
5.1.3 Organic carbon
The soil organic carbon is responsible for soil health, productivity and soil quality (Campbell
et al., 1992; Dodor and Tabatabai, 2005). Therefore many authors (e.g. Arshad et al., 1990;
Bescansa et al., 2006; Rasmussen and Collins, 1991; Zhang et al., 2006) publicized that
management practices such as tillage operations, crop residue management and fertilizer
applications can result in changes in soil organic carbon levels. The importance of organic
matter on soil structure is well recognized (e.g. Chaney and Swift,1984; Oades, 1984; Pagliai
et al., 2004) because surface organic matter is essential to soil aggregation, erosion control,
water infiltration and is associated with better plant nutrition (Franzluebbers, 2002a; Moreno
et al., 2006; Wander and Yang, 2000). Soil organic matter also plays an important role for
enzyme activity (Anderson and Domsch, 1978; Deng and Tabatabai, 1997; Dick, 1984; Klose
et al., 2003; Schinner and Sonnleitner, 1996b) in protecting soil enzymes since they become
immobilized in a three dimensional network of clay and humus complexes (Tabatabai, 1994;
McLaren, 1975). In addition Tarafdar and Marschner (1994) showed that high organic matter
contents resulted in an increased production of phosphatases of plant origin due to an
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increase in total root surface area. Busto and Perez-Mateos (1995) promoted this hypothesis
and showed that as much as 50 % of the total ß-glucosidase activity of the soil was bounded
to humic compounds.
In Fig. 78 the organic carbon content at the Conventional Farming site (CF), Young Organic
Farming site (YOF) and Old Organic Farming (OOF) site in 2004 and 2005 at the field
experiment as well as at the rainfall experiment is shown. Due to the high measure accuracy
of Corg the error bars are not visible in the figure.
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Fig. 78 Organic carbon (Corg) content at the OOF, YOF and CF sites in the field (a) and laboratory
rainfall experiment (b)
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In the field experiment the Corg content 2004/2005 ranged at the organically managed soils
(OOF, YOF) between 7.9 mg/g and 13.3 mg/g and at the conventionally managed site (CF)
between 6.7 mg/g and 13.0 mg/g. Contrary to the field experiment the organic carbon
content in the laboratory rainfall experiment showed no remarkable changes during the
whole period. The dynamic pattern in this occurrence during the field experiment was not
expected because Green et al. (2006) and Haynes (1999) revealed that the accumulation of
soil organic carbon in the soil is no rapid process. Although Arshad et al. (1990) emphasized
that management practices such as tillage, crop residue management, fertilizer applications
and land use can result in large dynamic changes in soil organic carbon levels. Furthermore
Sarah (2006) stated that the organic carbon content varies in the short term (months or
years) because of fluctuations in weather conditions between seasons and in between years.
To show any differences of the Corg content at the three sites the Box-Whisker-Plot analysis
was carried out (Fig.79).
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Fig. 79 Box-Whisker-Plot design for organic carbon content at the OOF, YOF and CF site in the field
(2004, 2005 as well as considered together 2004/205) and rainfall experiment
The mean organic carbon content in the field experiment 2004/2005 was at the Old Organic
Farming site 10.00 mg/g, at the Young Organic Farming site 11.55 mg/g and at the
Conventional Farming site 9.16 mg/g. These findings were in accordance with results from
Sehy et al. (2000) who found organic carbon contents of 8.9 mg/g in an organically managed
soil and 6.8 mg/g in a conventionally managed soil. In addition Schachtschabel et al. (2002)
found organic carbon contents between 11.4 mg/g and 12.0 mg/g in farmed soils and
Hoffmann et al. (2006) assessed 9.9 mg/g up to 12.1 mg/g in fertilized soils and
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approximately 8.2 mg/g in unfertilized soils. Furthermore Körschens (2004) found that the
Corg content for an optimum fertilized sandy soil is around 11 mg/g and on loess black soil
approximately 51 mg/g.
The mean of the organic carbon content in the field experiment 2004/2005 was 24.8 %
higher at the YOF site and 8.9 % higher at the OOF site than at the CF site. These data were
in accordance with data received from the rainfall experiment where the organic carbon
content at the YOF site was 63.9 % and at the OOF site 29.5 % higher than at the CF site.
Supporting this matter Arshad et al. (1990) and Dolan et al. (2006) found a 26 % to 30 %
increased soil organic carbon in the soil surface of no tillage than under moldboard tillage
treatments. Denef et al. (2004) analyzed conventional and no tillage sites with different time
of conversion from conventional to no tillage. He found greater organic carbon levels in no
tillage than under conventional tillage but stated also that differences in organic carbon were
not only a result of time of conversion from conventional to no tillage management. The
ANOVA analysis (Table 19) revealed that in general the Corg content was significantly
influenced from the Old and Young Organic management system as well as from the
conventional management.
Table 19 One factor analysis of variance (ANOVA) of organic carbon content and management
system for 2004, 2005, 2004/2005 in the field and rainfall experiment
Corg-2004 OOF YOF
YOF 0.0000
CF 0.0000 0.0000
Corg-2005 OOF YOF
YOF 0.0001
CF 0.7541 0.0005
Corg-04/05 OOF YOF
YOF 0.0000
CF 0.0094 0.0000
Corg-rain OOF YOF
YOF 0.0000
CF 0.0000 0.0000
Bold numbers indicate significant differences
Rogasik et al. (2004) supported these findings with long-term observations in Germany and
showed that the amount of soil organic matter is mainly a function of the used management
system. In addition, Capriel (1991), Drinkwater et al. (1995) and Mäder et al. (1993; 2002a,
b) found that under organic tillage management the soil carbon content increased more than
under conventional management and was more pronounced in the topsoil than in the subsoil
(Diez et al., 1991). Amman (1989), Carter and Rennie (1982) and König et al. (1989) found
no differences in soil organic carbon between organic and conventional tillage systems in
Alberta (USA) and German soils.
According to Campbell et al. (1992) and Dodor and Tabatabai (2005) the organic matter
content is a function of the net input of organic residues by rotation practices within cropping
systems. The higher organic carbon contents at the organic farming sites compared to the
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conventional farming site were expected because the organic farming management is based
to increase the soil organic matter content. Edmeades (2003) showed that residues maintain
soil organic matter at higher levels than inorganic fertilization does. The accumulation of soil
organic carbon at the soil surfaces of the organically managed sites was a result of residues
at the soil surface left over from the winter cover crop. This hypothesis was promoted from
many other authors (e.g. Alvarez et al., 1995; Armstrong-Brown et al., 1993; Edmeades,
2003; Bandick and Dick, 1999; Dick and Gregorich, 2004; Lal et al., 1994; Petersen et al.,
1997; Stolze et al., 2000) who showed that organic and no till management systems, thus
the use of organic residues, tend to show higher total soil organic carbon contents than
conventionally managed soils.
Contrary to the prospects the YOF site showed higher Corg contents than the OOF site
although at the YOF and OOF sites in 2004 and 2005 the same tillage practices were
conducted as well as the same summer and winter cover crops were sown. Therefore
Reicosky et al. (1995), Schinner and Sonnleitner (1996b) and Skjemstad et al. (1998)
discussed that factors such as topography, clay content, mineralogy, pH-value, redox
potential and soil structure could influence soil organic matter levels. The hypothesis for the
higher Corg content at the YOF site is that more residues were left at the YOF soil surface
than at the OOF soil surface although the same cultivation practices were accomplished. The
higher Corg content is maybe not coupled with higher clay and humus complexes and
therefore the enzyme activities of acid-phosphatase and ß-glucosidase were at the YOF site
not higher than at the OOF site. If this hypothesis is true, the time of conversion from
conventional to organic farming have therefore a great influence of clay humus complex
formation which are important for the enzyme activities. Another hypothesis for this pattern is
that the quality of organic matter is at the OOF site higher than at the YOF site. Acosta-
Martinez et al. (2003b) showed in sandy Texas soils that the enzyme activities of
phosphatases and glucosidases reflected the differences in soil organic matter quality and
quantity developed under alternative systems and conventional tillage practices and
suggested that not only the quantity of soil organic matter, but also the chemical nature of
organic matter has an impact on soil microbial activities and processes. Doran et al. (1998)
stated in earlier findings that soil management practices can influence soil biological activities
through their effects on the quantity, structure, and distribution of soil organic matter. In
addition Ekenler and Tabatabai (2002) found in Iowa soils that enzyme activity values could
be used as indexes of organic C quality.
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The regression analysis between organic carbon content and enzyme activities of acid-
phosphatase and ß-glucosidase showed in general positive and significant correlations at the
OOF, YOF and CF sites with an exception of ß-glucosidase at the YOF site (Table 20). Due
to the weak dynamic changes of Corg in the laboratory rainfall experiment the correlation
analysis between the Corg content and the enzyme activities was not valid.
Table 20 Correlation coefficients (R)a between acid-phosphatase as well as ß-glucosidase and the
organic carbon (Corg) content in the field experiment 2004, 2005 as well as for 2004/2005
year Corgsite enzyme
2004 2005 2004/2005
2004 0.634***
2005 0.390**OOF
2004/2005 0.445**
2004 0.586***
2005 0.311*YOF
2004/2005 0.378*
2004 0.425**
2005 0.594***CF
2004/2005
P
ho
0.656***
2004 0.770***
2005 0.614***OOF
2004/2005 0.600***
2004 0.464**
2005 0.127 n.s.YOF
2004/2005 0.225 n.s.
2004 0.490**
2005 0.727***CF
2004/2005
G
lu
0.696***
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
Significant correlation coefficients between Corg and enzyme activities were also found from
other researchers. For example Acosta-Martinez et al. (2004) found for ß-glucosidase in fine
sandy Texas soils correlation coefficients of R=0.64*** as well as Dodor and Tabatabai
(2005) detected in the upper 15 cm of Iowa soils correlation coefficients of R=0.33*. For acid-
phosphatase Graham and Haynes (2005) found in South African soils significant correlations
coefficients of R=0.91*** as well as Acosta-Martinez et al. (2004) found in fine sandy Texas
soils correlation coefficients of R=0.48**. However Green et al. (2006) found in Brazilian
Cerrado soils no significant correlation to the ß-glucosidase with correlation coefficients of
e.g. R=0.30n.s. Furthermore Deng and Tabatabai (1997) and Dick (1984) observed that the
activity of a range of soil enzymes was significantly correlated with soil organic C in soils
under different tillage management.
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The positive and significant correlations at the organic and conventional management
systems were not surprising because the ß-glucosidase is involved in the soil carbon cycle
and the hydrolysis products of these enzymes are believed to be important energy sources
for the growth of soil microorganisms (Deng and Tabatabai, 1996a). Martens et al. (1992)
reported that ß-glucosidase activity was significantly increased by the addition of plant
material due to the addition of enzymes present in plant residues. Furthermore Beck and
Beck (2000), Deng and Tabatabai (1996a, b; 1997), Ekenler and Tabatabai (2002), Klose
and Tabatabai (2000), Lal (1990) and Schinner and Sonnleitner (1996a) assumed that
increased enzyme activity is a result of residues at the soil surface. In addition legumes in
crop rotations increased the organic C and thereby the soil microbial biomass and enzyme
activities (Bolton et al., 1985; Kennedy, 1999).
5.1.4 Microbial carbon
Soil microbial biomass is the living component of soil organic matter and involved in the
decomposition of organic materials and cycling of nutrients in soils (Bergstrom et al., 1998;
Dick, 1992; Dodor and Tabatabai, 2003; Jenkinson and Ladd, 1981; Klose and Tabatabai,
1999). The microbial carbon content is according to Jenkinson and Ladd (1981) and Moore
et al. (2000) 1.0 % to 3.0 % of Corg content and according to Omay et al., (1997) between
0.3 % up to 7 % of Corg. The microbial biomass is a very labile pool and can therefore be
used as an early indicator of changes in soil management systems compared to total organic
C (e.g. Bergstrom et al., 1998; Brookes, 1995; Carter, 1986; Dodor and Tabatabai, 2003;
Gregorich et al., 1997; Haynes and Beare, 1996; Klose and Tabatabai, 1999; Lal, 1997;
Powlson et al., 1987; Sparling, 1997; Trasar-Cepeda et al., 1998). The soil microbial biomass
is responsible for several transformations, decomposition processes and cycles of nutrients
in soils (Bailey et al., 2002; Tessier et al., 1998) and has become an instrument for
determining the total microbial biomass since it was first reported of Jenkinson and Powlson
(1976). According to Bailey et al. (2002) and Vance et al. (1987) the used chloroform
fumigation-extraction method is a quick, simple, robust and stable procedure to extract the
released C, and is less restricted by soil conditions than other methods (Beck et al., 1997;
Inubushi et al., 1991; Ross, 1989; Sparling et al., 1990).
In Fig. 80 the microbial carbon content at the YOF, OOF and CF sites at the field experiment
in 2004 and 2005 as well as at the laboratory rainfall experiment is shown.
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Fig. 80 Microbial carbon (Cmic) content at the OOF, YOF and CF sites in the field (a) and laboratory
rainfall experiment (b)
To analyze the dynamic changes of microbial carbon in the upper 3 cm of the soil surface the
Box-Whisker-Plot analysis was carried out to show the mean as well as the standard
deviation in the field and rainfall experiment (Fig. 81). A possible explanation for the dynamic
a
b
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changes could be that the different root characteristics and functions (Chan and Heenan,
1999; Schinner and Sonnleitner, 1996a) as well as microclimate and soil structure (Moore et
al., 2000) influence the microbial carbon content. Chang and Juma (1996) and Kaiser et al.
(1995) reported temporal fluctuations of Cmic as a result of variations in soil moisture
content, soil temperature, stage of plant growth, and available substrate. Green et al. (2006)
stated that the soil biological system is in constant flux due to environmental changes.
Thereby changes in soil physical or chemical properties often affect soil biological activity.
 mean value  ±std deviation  ±1.96*std deviation
C
m
ic
 [m
g/
g]
2004
OOF YOF CF
-0.02
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
0.22
0.24
0.26
2005
OOF YOF CF
2004/2005
OOF YOF CF
-0.02
0.00
0.02
0.04
0.06
0.08
0.10
0.12
0.14
0.16
0.18
0.20
0.22
0.24
0.26
rainfall experiment
OOF YOF CF
Fig. 81 Box-Whisker-Plot design for microbial carbon content at the OOF, YOF and CF site in the field
(2004, 2005 as well as considered together 2004/205) and rainfall experiment
The Box-Whisker-Plot analysis showed for 2004/2005 that the Cmic content (as mean value)
at the OOF (0.120 mg/g) site was higher than at the YOF (0.104 mg/g) site. Both organic
managed sites showed higher Cmic contents than the CF site (0.086 mg/g). The recently
established organic farming site (YOF) could be understood as an interstage between the
conventionally farming system (CF) and the well established organic farming system (OOF).
Kahle et al. (2004) and Mäder (2002a, b) also found higher Cmic contents in organically
management systems than in conventional farming systems. However Hoffmann et al.
(2006) found higher Cmic contents (0.3 mg/g to 0.4 mg/g) in fertilized than in unfertilized
soils.
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The results of Corg showed that the YOF site had the highest content, the OOF medium
content and the CF site the lowest content. The results for Cmic showed however that at the
OOF site the Cmic content is higher than at the YOF and CF site. This finding indicates that
not only the total Corg content is responsible for the Cmic content rather the easily available
soil organic matter compounds (which are the preferred energy sources for microorganisms)
caused in higher microbial biomass contents and activities (Ekenler and Tabatabai, 2003a).
The results of the regression analysis showed furthermore that the Corg content was at the
OOF site higher correlated to the Cmic content (R=0.448**) than at the YOF site (R=0.247*).
The CF site showed a significant correlation between both parameters (R=0.523**). This
indicates that not only the quantity of soil organic matter, but also the chemical nature of
organic matter influence soil microbial activities and processes (Acosta-Martinez et al.,
2003b).
The one way ANOVA (Table 21) showed in 2004 that the microbial carbon content at all
three sites were not significantly different; in 2005 the OOF site was significantly different to
the CF site. In the rainfall experiment the microbial carbon content at both organic farming
soils was significantly higher than the conventional soils.
Table 21 One factor analysis of variance (ANOVA) for microbial carbon content in 2004, 2005,
2004/2005 in the field and rainfall experiment
Cmic-2004 OOF YOF
YOF 0.8568
CF 0.0644 0.0887
Cmic-2005 OOF YOF
YOF 0.0505
CF 0.0060 0.4133
Cmic-04/05 OOF YOF
YOF 0.1212
CF 0.0022 0.1185
Cmic-rain OOF YOF
YOF 0.0633
CF 0.0000 0.0001
Bold numbers indicate significant differences
Balota et al. (2003) and Melero et al. (2006) as well found a significant increase of soil
microbial carbon under no till and organic tillage management compared to conventional
tillage. According to Campbell et al. (1992) and Omay et al. (1997), increased Cmic values
are normally found in high residue producing rotations and under reduced or no till systems.
Furthermore Scow et al. (1994) and Drinkwater et al. (1995) showed that organic farming
plots had higher microbial biomass levels than plots receiving commercial fertilizers. The
positive effect on microbial biomass at the organically farmed sites may be due to the greater
amounts and diversity of residues (Arshad et al., 1990), favorable crop residue management
of the organic management system (Graham and Haynes, 2005) and higher root density
under varied crop rotations (Moore et al., 2000). Furthermore the higher Cmic content at the
organically managed sites could indicate that the light organic matter fraction decomposed
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more completely in organic systems than in conventional systems (Fließbach and Mäder,
2000). Hence, the increased microbial activity in organic managed soils transform carbon
from organic debris into biomass at lower energy costs, building up a higher microbial
biomass content (Mäder et al., 2002a, b). For example, Lynch and Panting (1980) showed
strong increases in Cmic as response to decomposing incorporated crop residues and roots
providing substantial energy for the microbial biomass (Perrott et al., 1990) which stimulates
the soil microbial biomass growth (Buchanan and King, 1992).
In general it could be concluded that the microbial carbon content was positive and
significantly correlated with the enzyme activities of acid-phosphatase and ß-glucosidase at
the field experiments (Table 22). The correlation coefficients at the rainfall experiment were
not valid due to weak dynamic changes of Cmic and acid-phosphatase and ß-glucosidase.
Table 22 Correlation coefficients (R)a between acid-phosphatase as well as ß-glucosidase and the
microbial carbon (Corg) content in the field experiment in 2004, 2005 as well as for 2004/2005
year Cmicsite enzyme
2004 2005 2004/2005
2004 0.892***
2005 0.645***OOF
2004/2005 0.720***
2004 0.890***
2005 0.605***YOF
2004/2005 0.529***
2004 0.721***
2005 0.562***CF
2004/2005
P
ho
0.682***
2004 0.901***
2005 0.717***OOF
2004/2005 0.718***
2004 0.866***
2005 0.680***YOF
2004/2005 0.653***
2004 0.658***
2005 0.533***CF
2004/2005
G
lu
0.626***
aLevel of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
The high and significant correlations between the Cmic content and the enzyme activities in
the field experiment were supported by a large number of researchers (e.g. Curci et al.,
1997; Deng et al., 2000; Dodor and Tabatabai, 2002; 2003; 2005; Graham and Haynes,
2005; Klose and Tabatabai, 1999; Knight and Dick, 2004; Moore et al., 2000). They also
found positive and significant correlations between Cmic and acid-phosphatase (e.g.
R=0.83***, R=0.97***) and ß-glucosidase (e.g. R=0.33*, R=0.50**, R=0.82***). In addition
Ekenler and Tabatabai (2003) found in Iowa soils positive correlations between acid-
phosphatase and Cmic as well but also sometimes negative significant correlations at
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different sampling times. Furthermore Acosta-Martinez (2004) found in a sandy Texas soil
positive (e.g. R=0.35*, R=0.48**) as well no significant correlations between the microbial
carbon content and the activity of ß-glucosidase at different sampling times and no
significant correlations to the acid-phosphatase activity during the experimental period (four
sampling times in one year).
The high and significant correlation coefficients were not surprising, because ß-glucosidase
and acid-phosphatase were among other things produced from soil microbes to convert
complex organic compounds into smaller products (Beck and Beck, 2000; Nannipieri et al.,
2002; Tabatabai, 1994). These enzymes are cellulose degrading enzymes such as ß-
glucosidase which is a key enzyme in the carbon cycle (e.g. Klose et al., 2003). The carbon
degrading microbes must also produce phosphatases to obtain nutrients and enzyme
synthesis (Sinsabaught et al., 1992a, b). Mäder et al. (2002a, b) supported this finding and
mentioned that higher microbial activity is indicating higher enzyme activity. Dilly and
Nannipieri (2001) showed for arable and forest soils that negative or no correlations between
the microbial biomass and the enzyme activity could be possible due to the reason that
enzyme activities are constitutive or inducible and their synthesis can be induced by specific
compounds.
5.1.5 Cmic/Corg ratio
The Cmic/Corg ratio is generally used in the literature as an indicator for changes in soil
microbial activity (Dick, 1992; Pankhurst et al., 1995; Powlson, 1994) and for metabolic
activity which might be affected by changing management conditions and climate (Anderson
and Domsch, 1989, Sparling, 1992; Weigand et al., 1995). The Cmic content represents the
active part of soil organic carbon. The rate of easily decomposable organic C compared to
stable humus compounds is depending on the Cmic/Corg ratio, because this ratio is an
indicator of the availability of soil organic matter to microorganisms (Anderson and Domsch,
1989).
The Cmic/Corg ratio in the field experiment ranged between 0.39 % and 2.25 % at the OOF
site, 0.45 % and 1.82 % at the YOF site and 0.11 % and 2.01 % at the CF site. In the rainfall
experiment the dynamic Cmic/Corg ratio changes were weaker than during the field
experiment (Fig. 82).
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Fig. 82 Cmic/Corg ratio at the OOF, YOF and CF sites in the field (a) and laboratory rainfall
experiment (b)
The dynamic changes of the Cmic/Corg showed high correlation between the OOF, YOF and
CF site in 2004 as well as in early 2005. Insam et al. (1991) explained in long-term
experimental sites in Alabama (USA) 78 % of the Cmic/Corg ratio variability by climatic
conditions (precipitation/evaporation quotient). Long-term experiments of different climatic
region showed that the Cmic/Corg ratio was lower under balanced precipitation and
evaporation conditions and higher in dry or more humid conditions (Insam et al., 1989).
a
b
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Sparling (1992) found in New Zealand soils that cropping and vegetation management
affected the Cmic/Corg ratio more than climate conditions. Wick (1997) stated that a deficit of
this indicator is that the components Cmic and Corg were not independent of each other.
However the Box-Whisker-Plots for the Cmic/Corg ratio indicated only small variations of the
mean deviation between the three sites in the field experiment. However the Cmic/Corg ratio
was in general higher at the OOF site than at the YOF and CF sites (Fig. 83).
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Fig. 83 Box-Whisker-Plot design for the Cmic/Corg ratio at the OOF, YOF and CF site in the field
(2004, 2005 as well as considered together 2004/205) and rainfall experiment
The YOF site is therefore an interstage between the OOF site and the CF site. The results
obtained from the Box-Whisker-Plots were supported from the analysis of variance
(Table 23).
Table 23 One factor analysis of variance (ANOVA) for Cmic/Corg ratio in 2004, 2005, 2004/2005 in
the field and rainfall experiment
Cmic/Corg ratio-2004 OOF YOF
YOF 0.6755
CF 0.3866 0.6481
Cmic/Corg ratio-2005 OOF YOF
YOF 0.0105
CF 0.0043 0.7553
Cmic/Corg ratio-04/05 OOF YOF
YOF 0.0283
CF 0.0075 0.6145
Cmic/Corg ratio-rain OOF YOF
YOF 0.0000
CF 0.3655 0.0000
Bold numbers indicate significant differences
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In 2004 the Cmic/Corg ratio was not influenced by the management system but in 2005 and
for the total period 2004/2005 the OOF site was significantly different to the YOF and CF site.
This result was supported by earlier findings from Hart et al. (1989) who showed that
different Cmic/Corg ratios are depending on changes in soil organic matter resulting from
different land management. The Cmic/Corg ratio at the YOF site was not significantly
different to the Cmic/Corg ratio at the CF site. This may indicate that the date of conversion
from conventional to organic farming is significant for the Cmic/Corg ratio.
The SAS linear regression model showed high positive and significant correlations between
the Cmic/Corg ratio and the enzyme activities of acid-phosphatase and ß-glucosidase at all
three sites at the field experiment with only one exception at the CF site in 2005 where no
correlation could be found (Table 24). For the rainfall experiment no correlations were
calculated, because the enzyme activities as well as the Cmic/Corg ratio showed only little
variations.
Table 24 Correlation coefficients (R)a between acid-phosphatase as well as ß-glucosidase and the
Cmic/Corg ratio in the field experiment in 2004, 2005 as well as for 2004/2005
year Cmic/Corg ratiosite enzyme
2004 2005 2004/2005
2004 0.876***
2005 0.575***OOF
2004/2005 0.677***
2004 0.846***
2005 0.568***YOF
2004/2005 0.481**
2004 0.708***
2005 0.304n.s.CF
2004/2005
P
ho
0.470**
2004 0.869***
2005 0.563***OOF
2004/2005 0.622***
2004 0.834***
2005 0.704***YOF
2004/2005 0.650***
2004 0.632***
2005 0.207n.s.CF
2004/2005
G
lu
0.327*
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
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5.1.6 Nitrogen
Nitrogen is a key plant nutrient necessary for high yields of most agricultural crops. Nitrogen
in the NO3 form is also mobile and susceptible to leaching into the groundwater, causing
degradation of water quality (Pang and Letey, 2000). Conversion from mineral fertilizer to
organic forms such as liquid manure or plant residues changes the soil structure. The added
residues increase soil organic matter and nitrogen content thus increasing soil fertility (Ashraf
et al., 2004).
The Box-Whisker-Plot analysis (Fig. 84) as well as the analysis of variance (Table 25)
showed that the nitrogen content was in general significantly influenced by the used
management system (with an exception in 2005 where the OOF site was not significantly
different to the CF site).
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Fig. 84 Box-Whisker-Plot design for the nitrogen content at the OOF, YOF and CF site in the field
(2004, 2005 as well as considered together 2004/205) and rainfall experiment
Table 25 One factor analysis of variance (ANOVA) for nitrogen content in 2004, 2005, 2004/2005 in
the field and rainfall experiment
nitrogen-2004 OOF YOF
YOF 0.0004
CF 0.0000 0.0000
nitrogen-2005 OOF YOF
YOF 0.0095
CF 0.0877 0.0000
nitrogen-04/05 OOF YOF
YOF 0.0001
CF 0.0000 0.0000
nitrogen-rain OOF YOF
YOF 0.0000
CF 0.0000 0.0000
Bold numbers indicate significant differences
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This finding was supported by results of Green et al. (2006) who found that the nitrogen
content was influenced by the soil management system and was sensitive to changes in
tillage management of a Brazilian Oxisol.
In addition the Box-Whisker-Plots showed that the nitrogen content at the recently
established organic farming site (YOF) was significantly higher than at the well established
organic farming site (YOF). Both organic farming sites showed as well higher nitrogen
contents (mean value) than the conventional farming site. A related pattern was also found
for the organic carbon content. The higher nitrogen content at the organic farming site was
expected, because organic carbon and nitrogen were among other things (e.g. crop rotation,
soil, plowing depth and atmosphere emission influenced soil C and N) influenced from
residues and fertilization (Schmidt and Merbach, 2004).
The correlation coefficients to the enzyme activity of acid-phosphatase and ß-glucosidase at
the field experiment were mostly high and significant, even though in some exceptions no
significant correlation coefficients could be found (Table 26).
Table 26 Correlation factors (R)a between acid-phosphatase as well as ß-glucosidase and the nitrogen
content in the field experiment in 2004, 2005 as well as for 2004/2005
year nitrogensite enzyme
2004 2005 2004/2005
2004 0.577***
2005 0.567***OOF
2004/2005 0.488**
2004 0.329*
2005 0.283n.s.YOF
2004/2005 0.322*
2004 0.023n.s.
2005 0.501**CF
2004/2005
Pho
0.545***
2004 0.628***
2005 0.524**OOF
2004/2005 0.512**
2004 0.529**
2005 0.161n.s.YOF
2004/2005 0.063n.s.
2004 0.224n.s.
2005 0.435**CF
2004/2005
Glu
0.448**
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
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Green et al. (2006) showed that enzyme activities of acid-phosphatase (R=0.70**) and
??glucosidase (R=0.46*) were significantly correlated with total N and Acosta-Martinez et al.
(2004) showed also positive significant correlations but sometimes no significant correlations
to the acid-phosphatase and ß-glucosidase activity. In addition Klose and Tabatabai (2002b)
found only weak correlations between acid-phosphatase and nitrogen. These findings were
in accordance to my experiences
5.1.7 C/N ratio
The type of crop residues plays an essential role in carbon sequestration and soil
aggregation because the degradation rate of crop residues is frequently dominated by the
C/N ratio (Franzluebbers et al., 1995a; Oades, 1988; Potter et al., 1998). The C/N ratio
according to Bird et al. (2002) is a good value to predict aggregate stability, because soil
aggregation as well aggregate stability were affected by the C/N ratio and the quality of crop
residues (Lynch and Bragg, 1985). In the field experiment the C/N ratio oscillated at the
organically and conventionally managed farming around 10 which indicated good conditions
for microbial conversion (Kahle et al., 2004). In general at the conventional farming site the
C/N ratio in the field experiment was higher than at the organic farming sites (Fig. 85).
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Fig. 85 Box-Whisker-Plot design for the C/N ratio at the OOF, YOF and CF site in the field (2004,
2005 as well as considered together 2004/205) and rainfall experiment
However Beck and Beck (2000) mentioned that composted organic fertilizers with low C/N
ratio support the enzyme activity of ß-glucosidase. Furthermore the ANOVA (Table 27)
showed that in general the well established organic farming site (OOF) was different to the
conventional farming site (CF).
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Table 27 One factor analysis of variance (ANOVA) for C/N ratio in 2004, 2005, 2004/2005 in the field
and rainfall experiment
C/N-2004 OOF YOF
YOF 0.3614
CF 0.3675 0.9906
C/N-2005 OOF YOF
YOF 0.2429
CF 0.0131 0.1799
C/N-04/05 OOF YOF
YOF 0.1948
CF 0.0272 0.3487
C/N-rain OOF YOF
YOF 0.0016
CF 0.8724 0.0023
Bold numbers indicate significant differences
However the aggregation ratio as well as the enzyme activities of acid-phosphatase and ß-
glucosidase showed no significant correlations to the C/N ratio at the conventional and
organic managed soils (Table 28, Table 29).
Table 28 Correlation coefficients (R)a between acid-phosphatase as well as ß-glucosidase and the
C/N ratio in the field experiment in 2004, 2005 as well as for 2004/2005
year C/N ratiosite enzyme
2004 2005 2004/2005
2004 0.314n.s.
2005 0.106n.s.OOF
2004/2005 0.030n.s.
2004 0.211n.s.
2005 0.005n.s.YOF
2004/2005 0.011n.s.
2004 0.155n.s.
2005 0.002n.s.CF
2004/2005
Pho
0.230n.s.
2004 0.266n.s.
2005 0.176n.s.OOF
2004/2005 0.102n.s.
2004 0.065n.s.
2005 0.320n.s.YOF
2004/2005 0.145n.s.
2004 0.439**
2005 0.363 *CF
2004/2005
Glu
0.471**
aLevel of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
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Table 29 Correlation coefficients (R)a between aggregation ratio and the C/N ratio in the field
experiment in 2004, 2005 as well as for 2004/2005
site year aggregation ratiovariable
2004 2005 2004/2005
2004 0.337*
2005 0.397*OOF
2004/2005 0.134n.s.
2004 0.190n.s.
2005 0.360*YOF
2004/2005 -0.128n.s.
2004 0.052n.s.
2005 0.061n.s.CF
2004/2005
C/N ratio
-0.203n.s.
aLevel of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
Zotarelli et al. (2005) showed that the C/N ratio of aggregates (same size class and same
depth) were not significantly different between tillage treatments (no tillage – conventional
tillage) of Brazilian Oxisols. In addition Ding et al. (2006) showed that the C/N ratios of a
Massachusetts (USA) fine sandy loam were not significantly affected by cover crop and
fertilizer treatments. Bird et al. (2002) showed correlation coefficients of R=0.81** and
R=0.74** between the aggregate stability at the 250 µm scale and C/N ratio in semiarid
rangelands soils. But however Tisdall (1996) and Lal et al. (1998) showed that aggregates
smaller than 250 µm are more stable than larger aggregates and that the organic carbon
inside the small aggregates is protected against breakdown.
5.1.8 pH-value
Carbonates influence soil chemical properties, e.g., pH-value (Moreno et al., 2006). The
decrease of pH-values in N-fertilized soils may be due to the nitrification of NH4 and
subsequent production of H+ ions, as well as loss of exchangeable Ca and Mg from the
topsoil, thus increasing the soil acidity (Graham and Haynes, 2005; McAndrew and Malhi,
1992). Ekenler and Tabatabai (2003b) demonstrated on agricultural used Iowa soils that
acid-phosphatase was mostly predominant and decreased with increasing pH by liming.
They mentioned that acid-phosphatase was the most sensitive enzyme to changes in soil
pH. As reported by Eivazi and Tabatabai (1977); Juma and Tabatabai (1978); Tabatabai
(1994) the rate of synthesis, release, and stability of acid-phosphatase by soil
microorganisms are dependent on soil pH. In general each enzyme has a pH-value, at which
the activity rate is optimal. At each side of this optimum the activity rate is lower. Enzymes are
usually most stable near there optimum pH, and they could be irreversibly denatured with
extreme pH-values. Furthermore the soil pH-value can greatly influence the rate of enzyme-
catalyzed reactions since a change in H+ ion concentration influences enzymes, substrates
and co-factors by altering their ionization and solubility (Tabatabai 1994). The optimal pH-
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value for acid-phosphatase is at pH 5.5 (Ladd and Butler, 1972; Tabatabai, 1994) and for ß-
glucosidase at pH 6.0 (Eivazi and Tabatabai, 1990). Under acid soil conditions
(i.e. < pH 5.5), there are large increases in concentrations of Al3+ and Mn2+ in soil solution
(Rowell, 1988) and high concentrations of these ions could influence enzyme function (Dick,
1997).
The Box-Whisker-Plot analysis (Fig. 86) showed mean pH-values for 2004/2005 of pH=6.14
at the OOF site, pH=6.36 at the YOF site and pH=6.23 at the CF site.
Box-Whisker-Plot:
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Fig. 86 Box-Whisker-Plot design for the pH-value at the OOF, YOF and CF site in the field (2004,
2005 as well as considered together 2004/205) and rainfall experiment
In addition to the Box-Whisker-Plots the ANOVA (Table 30) showed for 2004, 2005 and for
2004/2005 no valid results that the pH-value was influenced from the management system.
However the ANOVA showed for the rainfall experiment that the pH value at the OOF, YOF
and CF soil was significantly influenced from the farming system.
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Table 30 One factor analysis of variance (ANOVA) for pH-value in 2004, 2005, 2004/2005 in the field
and rainfall experiment
pH-2004 OOF YOF
YOF 0.6525
CF 0.2551 0.4824
pH-2005 OOF YOF
YOF 0.0169
CF 0.8756 0.0253
pH-04/05 OOF YOF
YOF 0.0358
CF 0.3875 0.2081
pH-rain OOF YOF
YOF 0.0000
CF 0.0000 0.0000
Bold numbers indicate significant differences
The correlation analysis showed in general no significant correlations between the pH-value
and the enzyme activities of acid-phosphatase and ß-glucosidase. Even though, positive as
well as negative significant correlations were found (Table 31).
Table 31 Correlation coefficients (R)a between acid-phosphatase as well as ß-glucosidase and pH-
value in the field experiment in 2004, 2005 as well as for 2004/2005
year pH-valuesite enzyme
2004 2005 2004/2005
2004 0.328n.s.
2005 0.339*OOF
2004/2005 0.097n.s.
2004 0.613***
2005 0.203n.s.YOF
2004/2005 0.009n.s.
2004 0.216n.s.
2005 0.584***CF
2004/2005
Pho
-0.593***
2004 0.213n.s.
2005 0.203n.s.OOF
2004/2005 0.057n.s.
2004 0.480**
2005 0.302n.s.YOF
2004/2005 -0.297n.s.
2004 0.435**
2005 0.601***CF
2004/2005
Glu
-0.622***
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
In the literature no clear responses of correlation coefficients between the enzyme activities
of acid-phosphatase and ß-glucosidase to the pH-value were found. Ekenler and Tabatabai
(2003b) found negative correlations and Klose and Tabatabai (2002b) found positive
correlations and Criquet et al. (2004) found no significant correlation between the soil pH and
the activity of acid-phosphatase at all. For ß-glucosidase positive correlations (Ekenler and
Tabatabai, 2003a; Fugger, 1999) as well no significant correlations (Ekenler and Tabatabai,
2003a) to the pH-value were found.
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Between the conventional and organic managed soils only weak changes in pH could be
found in two years of field experiments. Values of soil pH remained within the range for
optimal nutrient availability in the field and laboratory rainfall experiments. The results
obtained at the experiments were supported from earlier findings of Criquet et al. (2004) who
stated that pH variations were sometimes too low to influence the activities of acid-
phosphatase. For ß-glucosidase the same hypothesis as for acid-phosphatase is valid.
Melero et al. (2006) promotes the finding that soil pH was in general not different between
conventional and organic management systems and Acosta-Martinez et al. (2003a) as well
found no particular pH-value related to soil management. As shown by Mäder et al. (2002b)
the pH in the organically managed sites was slightly higher than in conventionally managed
sites.
5.1.9 Soil temperature and soil moisture
The environmental conditions such as soil temperature and soil moisture content showed in
general no significant correlations to the enzyme activity of acid-phosphatase and ß-
glucosidase in the field experiment (Table 32).
Table 32 Correlation coefficients (R)a between acid-phosphatase as well as ß-glucosidase and soil
temperature, soil moisture as well as precipitation in the field experiment
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
year temp moisturesite enzyme
2004 2005 2004/2005 2004 2005 2004/2005
2004 0.510** 0.327n.s.
2005 0.282n.s. 0.039n.s.OOF
2004/2005 0.249n.s. 0.120n.s.
2004 0.330* 0.454**
2005 0.205n.s. 0.066n.s.YOF
2004/2005 0.264n.s. 0.117n.s.
2004 0.286n.s. 0.409**
2005 0.630*** 0.390*CF
2004/2005
Pho
0.383* 0.062n.s.
2004 0.416** 0.305n.s.
2005 0.104n.s. 0.213n.s.OOF
2004/2005 0.011n.s. 0.260n.s.
2004 0.552*** 0.044n.s.
2005 0.038n.s. 0.022n.s.YOF
2004/2005 0.184n.s. 0.005n.s.
2004 0.016n.s. 0.492**
2005 0.279n.s. 0.064n.s.CF
2004/2005
Glu
0.124n.s. 0.142n.s.
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The temperatures showed at the organically managed sites in 2004 as well as at the
conventionally managed site in 2005 a positive significant correlation coefficient to the
enzyme activity. Criquet et al. (2004) found positive correlations between the activity of acid-
phosphatase and the moisture content as well as negative correlations to the litter
temperature. In addition McClaugherty and Linkins (1990), Melero et al. (2006) and
Schneider et al. (2001) stated that the major limiting factors for microorganisms are physical
and chemical conditions such as temperature and water content. The soil moisture content
directly affects the activity of microorganisms. The microbial activity in soils is optimal at a
soil water pressure of -0.01 MPa and decreases as the soil becomes either waterlogged or
dries (Paul and Clark, 1989). Tisdall et al. (1978) showed that the soil dryness severely
restricts microbial activity and therefore has the same effect as soil sterilization. In contrast
Fansler et al. (2005) showed only little transformations of ß-glucosidase activity due to
different water contents as well. Bandick and Dick (1999) reported that ß-glucosidase activity
varied little in relation to the soil moisture content in similar systems. In addition Schneider et
al. (2001) mentioned that the temperature affects the enzyme activity and Dinkelaker and
Marschner (1992), Tarafdar and Marschner (1994) and Tarafdar (1988) showed that higher
soil temperatures in association with root activity caused a release of acid-phosphatase from
plants to the rhizosphere. Harrison and Pearce (1979) did not show any significant
correlation between phosphatase activities and environmental factors including temperature
and soil moisture.
5.2 Discussion of dynamic effects in the field experiment
In the last chapters the influence of the well established (OOF) and recently established
organic farming site (YOF) as well as of the conventional farming management (CF) to biotic
and abiotic parameters are discussed. Furthermore the correlation coefficients of the enzyme
activities to acid-phosphatase and ß-glucosidase are shown and discussed. This analysis
reveals that some factors such as Corg, Cmic and the Cmic/Corg ratio are more correlated to
the enzyme activities than nitrogen, C/N ratio and pH-value as well as the soil temperature
and soil moisture. However to understand the whole dynamic changes at the two organic and
one conventional farming site the dynamic changes of acid-phosphatase and ß-glucosidase
are discussed in regard to the dynamic changes of Cmic and Corg as well as in combination
with the management practices.
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5.2.1 Fertilizer influence on dynamic effects at the organically and
conventionally managed sites
Phosphate fertilizer (P2O5) was applied to the OOF site in spring 2004 while the CF site was
fertilized with liquid manure. The CF site was in addition fertilized with liquid manure in spring
and fall of 2005. The YOF site was not fertilized in any form of P (Fig. 87, Fig. 88, Fig. 89).
The OOF and CF site were not subject to sampling in spring 2004 because the fertilization
had taken place 14 days prior to initiative experimenting. The liquid manure application in
early February 2005 showed no consequence directly after application, because the liquid
manure remained on the snow layer. After thawing the manure reached the soil surface and
decreased the enzyme activity and the microbial carbon content. In fall 2005 the liquid
manure showed 2 days after application no influence on the enzyme activity, but it
decreased in the following weeks. This reduce in fall 2005 could be a result of liquid manure
application, but it can be forced by other tillage practices such as plowing, sowing and
pesticide treatment which occurred only a few days after manure application. In general
tillage practices (such as plowing) were conducted after liquid manure application because
the incorporation of liquid manure has been shown to be an effective strategy to reduce P
losses through runoff (Bundy et al., 2001; Little et al., 2005). In general the fertilization with
phosphorus consistently suppresses phosphatase activity (Clarholm, 1993; Haynes and
Swift, 1988), and concentrations of available nutrients often negatively correlate with the
activities of nutrient releasing enzymes (Chróst, 1991; Mendes et al., 1999; Sinsabaugh and
Moorhead, 1994). However Schneider et al. (2001) found no differences in acid-phosphatase
activity between fertilized and unfertilized plots. Conversely, when available nutrients are
scarce, microbes can produce enzymes to mobilize resources from complex sources (Harder
and Dijkhuizen, 1983; Koch, 1985). Deficiency of P is generally cited as the reason for
increased phosphatase activity in the rhizosphere (Tabatabai, 1994; Tadano et al., 1993;
Tarafdar and Marschner, 1994; Yadav and Tarafdar, 2001). Häussling and Marschner (1989)
and Tadano et al. (1993) also showed that without P fertilization plant roots had higher
phosphatase activity on their surfaces in order to compensate for lower soil available P by
higher hydrolysis of organic P esters, which could be a reason for higher activities at the
organic rather than at the conventional management system. After liquid manure fertilization
the enzyme activity of acid-phosphatase increased in spring 2005. In fall 2005 liquid manure
application was accompanied by other tillage operations and could therefore not be
separately analyzed.
At the CF site mineral N fertilizer in form of urea (CH4N2O) was applied in spring 2004 as well
as in spring and summer 2005. At the organically managed sites no N fertilization was
conducted. However as the N fertilization was accompanied at the CF site by other tillage
operations the impact of each measure on enzyme activity could not be separated. In
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general N fertilization can have significant effects on microbial biomass and enzyme activity
through its impact on soil pH (Deng et al., 2000; Moore, et al., 2000; Klose et al., 1999; Klose
and Tabatabai, 2000; Knight and Dick, 2004; Motta et al., 2002; Tabatabai, et al., 1992).
Reduced microbial activity can be a response of mineral N fertilization which affects enzyme
production (Schimel and Weintraub, 2003). Dodor and Tabatabai (2005) showed an effect of
N-fertilization in a four year crop rotation for an Iowa (USA) soil but no significant influence
on a two year crop rotation. Dodor and Tabatabai (2003) indicated that N fertilization affected
the activity of acid-phosphatase in two years on one site. On another site the N fertilization
did not affect activities of the acid-phosphatase in Iowa soils. Kirchner et al. (1993) reported
higher acid-phosphatase and ß-glucosidase activities after N fertilization in comparison to
unfertilized soil.
At the CF site inorganic N fertilizers were used in 2004 and 2005, but the effect to the
microbial biomass could not be clearly stated because the activity increased as well
decreased after N application. These findings were comparable to other studies on the effect
of inorganic N fertilizers of soil biological properties which also showed contradictory results.
Some researchers have reported increases in the size of microbial biomass (Fraser et al.,
1994; Omay et al., 1997), whereas others have shown the opposite (McAndrew and Malhi,
1992; Ladd et al., 1994) or no influence to Cmic content (Moore et al., 2000).
The Old Organic, Young Organic as well as the Conventional farming sites were limed in fall
2005. In general liming leads to increased adsorption of applied phosphate (Haynes and
Swift, 1985) and, consequently, to reduced levels of extractable phosphate. Rogasik et al.
(2004) showed that lime application in large amounts reduces the soil carbon pool. Acosta-
Martinez and Tabatabai (2000b) found changes in enzyme activities due to lime application
as well and Haynes and Swift (1988) reported a decrease of acid-phosphatase activity after
liming. At all three sites the lime application was accompanied by other tillage operations and
could therefore not be evaluated.
5.2.2 Enzyme dynamic effects at the organic and conventional farming sites
To analyze the dynamic changes of acid-phosphatase and ß-glucosidase at the OOF, YOF
and CF sites it is necessary that the enzyme activities are shown in combination with the
Corg and Cmic content. This combination is chosen due to the high significant correlation
coefficients between these parameters. Furthermore the cultivation practices during two
years of field experiment are integrated in the figure (Fig. 87, Fig. 88, Fig. 89).
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Fig. 87 Activity of ß-glucosidase (Glu), acid-phosphatase (Pho), microbial carbon content (Cmic) and
organic carbon content (Corg) as well as cultivation practices at the OOF site in 2004 and 2005
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Fig. 88 Activity of ß-glucosidase (Glu), acid-phosphatase (Pho), microbial carbon content (Cmic) and
organic carbon content (Corg) as well as cultivation practices at the YOF site in 2004 and 2005
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Fig. 89 Activity of ß-glucosidase (Glu), acid-phosphatase (Pho), microbial carbon content (Cmic) and
organic carbon content (Corg) as well as cultivation practices at the CF site in 2004 and 2005
At the organic farming sites (OOF, YOF) the effects of microbial carbon, organic carbon
and the enzyme activities and effects are comparable which could be due to similar
cultivation practices and crops. Subsequent to the spring cultivation in 2004 the microbial
carbon showed only a weak influence, but beginning in May showed an increasing trend until
the middle of July 2004. This general increase of microbial carbon could be a result of
greater root density which resulted in greater microbial activity in the root rhizosphere (Moore
et al., 2000; Schinner and Sonnleitner, 1996b). The improved microbial activity supports the
enzyme activity of acid-phosphatase and ß-glucosidase (George et al., 2002; Grierson and
Adams, 2001; Schneider et al., 2001; Schinner and Sonnleitner, 1996b; Tarafdar and
Marschner, 1994). In addition Tarafdar and Marschner (1994) showed that high organic
matter contents resulted in an increased production of phosphatases of plant origin due to an
increase in total root surface area.
Furthermore the plant roots could influence the enzyme activity directly. Dinkelaker and
Marschner (1992), Tarafdar and Marschner (1994) as well as Yadav and Tarafdar (2001)
showed that the plants start secreting acid-phosphatase as soon as their roots emerged.
Schneider et al. (2001) found strong and significant relationships between fine root length
density and acid-phosphatase activity. Tabatabai (1994) mentioned that ß-glucosidase
activity increased as a result of enhanced plant root growth because ß-glucosidase was
detected in soils, fungi, yeast and plants (Tabatabai, 1994). Another hypothesis could be that
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soil tillage practices caused in beneficial soil aeration and therefore in larger decomposition
rates of residues (Balota et al., 2003) which caused higher enzyme activities because
organic matter is the preferred energy source for microorganisms (Friedel et al., 1996; Klose
et al., 1999; Vaughan and Malcolm, 1985). Deng and Tabatabai (1996b) showed that ß-
glucosidase is the driving force in the decomposition of carbohydrates in soils and the activity
of the enzyme is dependent upon available cellulose as substrate.
After mid July 2004 the enzyme activities at the OOF and YOF sites were decreasing until
harvest. A possible hypothesis could be that the plant root system from the summer crops is
dying and therefore no more acid-phosphatase and ß-glucosidase could be produced by
plants. Furthermore the soil temperatures rose and the soil moisture contents decreased
during this time (Annex 6). This hypothesis was supported from Haynes and Swift (1988) and
Paul and Clark (1989) who reported lower enzyme activity rates under low soil moisture
contents as well as from Schneider et al. (2001) who showed that the temperature affects the
enzyme activity.
Subsequent to fall cultivation 2004 the microbial carbon content, organic carbon content as
well the acid-phosphatase and ß-glucosidase activities at the OOF and YOF sites showed a
decreasing trend until September 2004. This decreasing trend could be explained with the
hypothesis that plowing mixes the residues from the surface with the upper soil layer. The
increased aeration and soil residue contact promoted the oxidation of soil organic carbon and
as a result the organic carbon content decreased (Dolan et al., 2006; Fenton et al., 1999;
Haynes, 1999; Melero et al., 2006; Six et al., 1999).
In early February 2005 the values of organic carbon, microbial carbon as well as the enzyme
activities were approximately at the same levels as at the last sampling in November 2004. A
reason for this pattern was given from Bandick and Dick (1999) as well as from Schinner and
Sonnleitner (1996a) who showed that enzyme activities varied only little during winter time
because of low temperatures. In early 2005 after the snow thawed the microbial carbon
content showed an increasing trend until spring cultivation 2005. A hypothesis for this
increase was given from Balota et al. (2003) who showed that rising soil temperatures and
favorable soil moisture contents result in higher microbial activity due to the transformation of
residues from the microbial pool.
After spring cultivation 2005 at the OOF and YOF sites the microbial carbon, organic carbon
content and the enzyme activities showed a stable, respectively a weak decreasing tendency
until May but thereafter an enhanced tendency until mid July 2005, after which the contents
decreased until harvest. The same behavior at the OOF and YOF site was found in 2004.
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After fall cultivation 2005 the microbial carbon, organic carbon, acid-phosphatase and ß-
glucosidase showed an increased trend at the OOF site until the last sampling at the end of
November 2005. This increasing tendency was a result of plants and plant roots. However in
contrast to the OOF site the carbon content and the enzyme activities at the YOF site
decreased after fall cultivation 2005. Sowing grass at the OOF site in fall 2005 increased the
enzyme activities because grass had an increased and earlier root development than spelt.
At the Conventional Farming site (CF) the microbial carbon content as well as the activity
of acid-phosphatase and ß-glucosidase decreased after herbicide application in spring 2004.
A possible hypothesis could be that after herbicide application the microbial community was
destructed. The microbial carbon content and the enzyme activities recovered and increased
until mid of summer. Thereafter the carbon contents and enzyme activities showed a
decreasing trend until mid of September and subsequent again a rising trend until the last
sampling. The increasing trend could be explained with enhanced root development as
discussed for the organic farming sites and the followed increasing trend with high soil
temperatures and low soil moisture contents until mid of September. At the organic farming
sites the enzyme activities decreased as well as at the CF site at the same time which
supports this finding. Thereafter the temperature decreased and the higher moisture contents
resulted in increased microbial activity.
In 2005 the enzyme activities and the microbial carbon content at the CF site showed as well
as the organic farming sites nearly the same patterns (discussed above). After herbicide
application in June 2005 and September 2005 the same behavior was found as after
herbicide application in spring 2004. In the organically managed soils (without any herbicide
application) the microbial carbon content dropped in 2005 as well as at the CF site at the
same time, which put the influence of herbicide application to the decrease of Cmic into
question. According to McLaughlin and Mineau (1995) herbicides reduce the populations of
non-target plant and animal species, but in contradiction Lupwayi et al. (1998) found no
effect of increased herbicide use under zero tillage and stated furthermore that the effect of
herbicide use on soil microbial diversity is not yet solved which was in accordance with the
results shown above.
In conclusion the Cmic content and Corg content were in 2004 and 2005 highly correlated
with the enzyme activity of acid-phosphatase and ß-glucosidase at the organic farming sites
as well as at the conventional farming site. These findings indicated a strong linear
relationship between the enzyme activities and microbial carbon as well organic carbon. The
temperature showed in some cases high positive and significant correlation coefficients to
the activities of both enzymes at the OOF, YOF and CF site. The temperature influence was
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more pronounced in 2004 than in 2005. The dynamic changes of acid-phosphatase and ß-
glucosidase at the Old Organic Farming site, Young Organic Farming site and Conventional
Farming site were in general pooled results of Cmic, Corg, and temperature dynamics. Other
factors such as nitrogen and soil moisture content could influence the enzyme activities
under specific conditions as well.
In addition to these findings the enzyme activities of acid-phosphatase, ß-glucosidase and
the microbial carbon content were at the well established organic farming site (OOF) higher
than at the recently established organic farming site (YOF). Both organic farming sites
showed furthermore higher values than the conventional farming site (CF). The YOF site
could be understood as an interstage between the well established organic farming and the
conventional farming. The management system has a considerable influence to the microbial
activities as well as to the enzyme activity. The organic carbon content as well as the
microbial content has the potential to influence the acid-phosphatase and ß-glucosidase
significantly. Furthermore these parameters were good indicators to assess changes in
management systems.
5.3 Aggregation ratios, biotic and abiotic effects at the soil surface
5.3.1 Aggregation ratio, soil surface crusting, runoff and infiltration
The image analysis was conducted to determine the aggregation ratios at the soil surface.
The aggregation ratio was defined as the randomly occurrence of peaks and depressions
resulting from soil clods and aggregates at the soil surface. According to this definition the
aggregation ratio is comparable to the term “soil surface roughness” because Currance and
Lovely (1970) defined also the soil surface roughness as randomly oriented arrangement of
soil clods and aggregates.
The image analysis was suitable to determine the aggregation ratio at the soil surface. This
method can be used independent of the site and weather conditions. The only constriction
was given by the time to mark the aggregates manually. Therefore more research was
conduced and this method was modified. The improved method uses digital stereo
photogrametry (bundle block adjustment and image matching techniques) to derive Micro-
digital-elevation-models (DEM). The Micro-DEM´s were afterwards used to calculate soil
surface roughness indices (Marzahn et al., 2007).
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The soil structure and aggregation is a key factor for oxygen supply to the root zone and to
soil organisms, water infiltration and preventing soil erosion (Franzluebbers, 2002b; Le
Bissonnais, 1996; Pinheiro et al., 2004; Youngs and Leeds-Harrison, 1990) and promoting
crop production (Langmaack, 1999). In general an aggregated surface will gradually slake
and be smoothed by raindrop energy (e.g. Abu Hammad et al., 2006; Loch and Foley, 1994;
Moldenhauer and Kemper, 1969). Aggregate stability affects the soil susceptibility to seal
formation and according to Le Bissonnais (1996) the tendency of a soil to form a crust. The
aggregate breakdown by water is in general a result of physical and physicochemical
mechanisms (Levy and Mamedov 2002). These mechanisms are:
? Compression of entrapped air during fast wetting (defined as slaking) (Fohrer, 1991;
Kwaad and Mücher, 1994), whereas in general, slaking increases with increasing
water tension (Chan and Mullins, 1994)
? Different swelling mechanisms during fast wetting (Boiffin and Monnier, 1999)
? Kinetic energy of raindrops (e.g. Kwaad and Mücher, 1994; McIntyre, 1958a, b;
Moldenhauer and Kemper, 1969)
? Physicochemical dispersion due to osmotic stress during wetting with low electrolyte
water (Emerson, 1967)
Aggregate breakdown in general causes soil surface sealing and after drying out, surface
seals will form crusts (Agassi et al., 1994; Bohl and Roth, 1993; Slattery and Bryan, 1994).
The crusting processes are relatively well known and described today (Le Bissonnais et al.,
1989). For example Norton (1987), Gimenez et al. (1992), Mualem et al. (1990) as well as
Sumner and Stewart (1992) investigated the mechanisms of aggregate breakdown and crust
formation by raindrop impact. In the classic papers of Agassi et al. (1981) and McIntyre
(1958a) and newer papers of Boiffin and Monnier (1999) as well as Le Bissonnais et al.
(1989) the general sequences that lead to crust formation under rainfall were described as
the following.
? Primarily: Aggregate breakdown caused by raindrop impact or slaking, particles are
not displaced. Water can infiltrate into the soil.
? Secondly: Movement of fine soil particles with the infiltrating water into the upper few
millimeters of the soil and clogging the pores beneath the surface
? Thirdly: Displacement and mechanical breakdown of mobilized particles have sealed
the surface.
A structural seal consists therefore of two distinct parts: an upper skin attributed to
compaction by raindrop impact, and a “washed-in” zone of decreased porosity, as a result of
small particles accumulation in the pore system (McIntyre, 1958a; Norton, 1987). However,
there is still a considerable debate about "washed-in" layers (Slattery and Bryan, 1994),
because other researchers (e.g. Arshad and Mermut, 1988; Bertrand and Sor, 1962) found
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that these “washed-in” layers are not significant in seal formations. A physical soil crust is
according to Bohl and Roth (1993) and Gicheru et al. (2004) a thin (according to Bergsma
(1996) from a few mm to a few cm) compacted layer which is formed at the soil surface and
less porous than the immediately underlying soil (Kwaad and Mücher, 1994). Skidmore and
Layton (1992) believed that the fine particle fraction of the soil plays a very important role in
soil crusting processes and that an increase of finer soil particles increases the crust
strength. Drying of the seal and the formation of a crust disrupts the seal. Initially the crust
has a high infiltration rate but a strong seal quickly redevelops causing increased runoff and
soil loss rates compared with the initial seal (Bradfort and Huang, 1994). Soil surface seal
properties are mainly responsible for infiltration and runoff (Bohl and Roth, 1993; Bradfort
and Huang, 1994). The soil surface structure and crusting is one of the main factors
controlling runoff and subsequent water erosion in cultivated soils and is also a major threat
to sustainable agriculture (Farres, 1987; Le Bissonnais et al., 2005; Lecomte et al., 2001).
Field experiment
In 2004 the initial aggregation ratio at the CF site was comparable to the OOF site, were both
sites showed a lower aggregation ratio than at the YOF site. One reason for the higher
aggregation ratio at the YOF site could be due to the fact that rolling the soil surface was only
conducted at the OOF site and not at the YOF site. Pinheiro et al. (2004) revealed that
mechanical tillage caused in a reduction of soil aggregates. Another reason could be that the
clay content at the YOF site is higher than at the OOF site. In any way the initial aggregation
at the three sites was a random roughness.
Already in June 2004 the soil surface at the CF management showed initial crust signs
whereas the soil surfaces of the organic managed sites (OOF, YOF) were well aggregated
and showed only weak and negligible crusting signs. Due to additional rainfall the
aggregation ratio declined at all sites, but soil surface sealing was more pronounced at the
conventional than at the organic farming sites. In August 2004 the soil surface of the CF site
was totally sealed whereas the organic sites showed only first visible crusting signs. At the
organically farming sites the image analysis stopped in August 2004 due to harvest and the
following tillage practices. At the conventional farming site the image analysis was conducted
till October due to the longer vegetation period of maize and began showing a weak new
aggregation ratio in September (Fig. 90).
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Fig. 90 Aggregation ratios (%) at the OOF, YOF and CF soil surfaces during the field experiment 2004
In Table 33 the aggregation ratio change in combination with the precipitation is shown. The
aggregation ratio at the OOF site decreased 7.1 %, at the YOF and CF site only 3.1 % after
16.1 mm precipitation. After additional precipitation of 23.8 mm the aggregation ratio
decreased at the CF site 12.8 %, at the OOF site 7.1 % and at the YOF site 3.1 %. In general
the precipitation resulted in a lower aggregation ratio at each site (with an exception in
September-2004 at the CF site). Therefore negative and significant correlation coefficients
were found between the aggregation ratio and the precipitation sum at the OOF site
(R=?0.958***), YOF site (R=?0.974***) and CF site (R=?0.818***). The precipitation resulted
in different aggregation ratio changes at the OOF, YOF and CF sites. A hypothesis for the
increased aggregation ratio in September-2004 at the CF site is that the activity of the soil
fauna destructs the soil surface sealing. The faunal activity was not measured, but the visual
assessment showed that a lot of earthworms holes existed at the soil surface as well as new
small aggregates were build up during the “re-aggregation” period.
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Table 33 Aggregation ratio change at the OOF, YOF and CF site during the field experiment 2004
date precipitation
[mm]
aggregation ratio
OOF [%]
aggregation ratio
YOF [%]
aggregation ratio
CF [%]
4/30/2004 0.0 initial aggregation  initial aggregation  initial aggregation
5/13/2004 16.1 -7.1 -3.1 -3.1
6/10/2004 23.8 -5.2 -2.6 -12.8
6/24/2004 56.4 -6.7 -12.8 -10.6
7/8/2004 63.0 -1.7 -4.9 -6.3
7/22/2004 44.4 -4.0 -6.4 -1.3
8/5/2004 25.1 -7.3 -15.5 +0.2
8/19/2004 29.0 -0.6
9/2/2004 47.4 ±0.0
9/16/2004 9.0 +1.4
9/30/2004 75.3 -0.4
10/14/2004 6.9 0.4
In 2005 the aggregation ratio after spring tillage practices (including plowing, harrowing and
sowing at both sites and additional rolling at the OOF site) showed at the first image analysis
that the Old Organic Farming site was comparable to the Young Organic Farming site. Due
to sowing winter wheat at the CF site the soil surface was already sealed in April (Fig. 91).
The aggregation ratio decrease at the OOF and YOF site was as well as in 2004 a result of
the precipitation sum. The linear regression model showed negative significant correlations
between the aggregation ratio and the precipitation sum at the OOF site (R=?0.742***), YOF
site (R=?0.847***) and positive correlation at the CF site (R=0.595***). The positive
correlation coefficient at the CF site is related to the fact that the soil surface was at the
beginning of the image analysis totally sealed (aggregation ratio=0.8 %) and that the
aggregation ratio increased during the field experiment 2005. The aggregation ratio declined
at the OOF and YOF site with each rainfall event but was more pronounced at the OOF site
than at the YOF site. Both organically managed plots showed first crusting signs in June.
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Fig. 91 Aggregation ratios (%) at the OOF, YOF and CF soil surfaces during the field experiment 2005
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At 20-July-2005 the aggregation ratio declined at the YOF and CF sites may be due to high
rainfall intensity (12.1 mm/h) and a total rainfall of 26 mm directly before the images were
taken which caused in leveled aggregates at the surface. The soil surface at the YOF site
was not influenced because the images were taken prior of this rainfall. At 03-August-2005
the aggregation ratio at the OOF site increased 6.6 % and at the CF site 6.1 %. This increase
could be a result of 80 mm precipitation between 20-July and 03-August, but the aggregation
ratio at the YOF site decreased 1.7 % (Table 34). This increase could be a result of the
biological activity (e.g. earthworms) which influenced the soil surface at the sealed OOF and
CF surface more than at the better aggregated YOF surface. Another possible reason could
be that the effect of large aggregates at the YOF soil surface is stronger than new
aggregation patterns. In general, the aggregation ratio at the CF site increased with
increasing precipitation sum. This pattern is a result of already sealed conditions in April-
2005 at the CF site because winter wheat was sown in October-2004 and the soil surface
aggregates during the winter time were not protected against rainfall. This pattern showed a
general favor for the organically farming sites (with winter cover crops) in comparison to the
conventional managed (without winter cover crops).
Table 34 Aggregation ratio change at the OOF, YOF and CF site during the field experiment 2005
date precipitation
 [mm]
aggregation ratio
OOF [%]
aggregation ratio
YOF [%]
aggregation ratio
CF [%]
4/13/2005 0.0 initial aggregation initial aggregation initial aggregation
5/11/2005 57.5 -13.2 -7.9 +1.7
5/25/2005 10.6 -2.4 -2.6 +0.2
6/8/2005 23.4 -16.6 -6.0 +0.1
7/7/2005 37.8 -0.4 -0.8 -0.4
7/20/2005 16.3 -4.7 -0.1 -1.9
8/3/2005 80.0 +6.6 -1.8 +6.1
8/17/2005 34.1 -0.5 -0.8 -3.4
In addition the analysis of variance (ANOVA) showed for 2004 that the aggregation ratio
(absolute) at the OOF and CF sites were significantly different to the YOF site (Annex 7). The
differences to the YOF site were related to the higher initial aggregation ratio as a result of
different tillage practices. Due to different aggregation levels at the first sampling in 2005 of
the conventional and organically farming sites the ANOVA was not carried out.
Rainfall experiment
In addition to the field experiment the laboratory rainfall experiment with intermittent rainfall
events was conducted to investigate the aggregate ratio (microtopography) at the soil
surface, susceptibility to soil surface sealing, runoff under controlled conditions as well as the
influence of the soil surface character on infiltration. The assessment of soil susceptibility to
runoff in the field is often expensive or time-consuming. At the microplot scale (?1 m2),
evaluation of runoff often involves rainfall simulation, which is a rather sophisticated method
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(Barthes and Roose, 2002). Rainfall simulations are widely used for the quantification of
runoff processes (Seeger, 2006). Schneider et al. (1999) and Niebes et al. (2001) analyzed
runoff pathways as well as the influence of different management systems on runoff
generation. According to (Bryan and Poesen, 1989) and Gómez and Nearing, (2005) rainfall
simulations under laboratory conditions are suitable to identify singular parameters
influencing runoff processes. Laboratory rainfall simulations on micro plot scale (?1 m2) are
predestined to quantify infiltration and runoff generation and are valuable for giving a clear
view on the processes occurring on the site and their intensities (Seeger, 2006).
The results from the conducted rainfall experiment provide a crosslink to the field experiment.
The intermittent rainfall characteristic reflects the natural field conditions better than a
continuous rainfall event, because the natural cycle of wetting and drying of the soil surface
is taken into account. The dried soil surface in the rainfall experiment is therefore comparable
to a soil surface dried by wind and sun after a rainfall event under natural conditions (Fohrer
et al., 1999).
Some researchers stated that runoff and erosion data measured under simulated rainfall lack
the correlation to natural data (Barthes and Roose, 2002; Le Bissonnais and Arrouays,
1997). But Abu Hammad et al. (2006) showed that the kinetic rain energy is a key factor to
runoff and erosion and were in his experiments similar to that of natural rainfall. Bohl and
Roth (1993) revealed in addition that the conductance of soil surface crusts formed under
natural and simulated rainfall were not significantly different. According to the rainfall intensity
(15 mm/h), drop range and drop velocity the findings in the laboratory rainfall experiment
were without any restrictions comparable to runoff field experiments. In the past, simulated
rainfall experiments were mostly conducted with sieved soil samples. Therefore the
development of runoff remains questionable (Reichert and Norton, 1994; Le Bissonnais and
Arrouays, 1997). Due to the placement of natural aggregates at the soil surface the results
were transferable to field experiments.
The aggregation ratio dynamics at the conventional (CF) and organic (OOF, YOF) soils were
shown in association with the precipitation sum and the kinetic energy (Fig. 92).
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Fig. 92 Aggregation ratios (%) of the OOF, YOF and CF soils at the laboratory rainfall experiment in
2004 and 2005
The initial aggregation ratio at the OOF, YOF and CF sites were in a range of 13.0 % to
15.2 % whereby nearly the same aggregate size distribution was given. Therefore the
following dynamic processes at the soil surface were comparable, because rainfall
characteristics and rainfall duration were the same at all sites. The aggregation ratio declined
after the first rainfall event only on a small scale but showed after the second rainfall event
the highest reduction. After the fourth rainfall event the aggregation ratio decreased with
increased numbers of rainfall events (Table 35). This pattern is probably a result of high
initial aggregation and decreasing aggregate fractions which can destruct from rainfall drops.
However the aggregation ratio in the rainfall experiment declined with increased precipitation.
Ben-Hur et al. (1989) as well as Ghezzehei and Or (2000) stated that after tillage the soil
structure disintegrates as a result of rainfall and considerably alters soil hydraulic properties.
The surface seals at the OOF, YOF and CF soils became more established with an
increasing number of wetting and drying cycles. This finding is in accordance with results of
Hardy et al. (1983). In addition Wells et al. (2003) stated that raindrop impact causes
clogging the micropores and subsequent to soil surface sealing.
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Table 35 Aggregation ratio change at the OOF, YOF and CF site during the rainfall experiment
rainfall
event
precipitation
[mm]
Ekin
[J m-2 h-1]
aggregation ratio
OOF [%]
aggregation ratio
YOF [%]
aggregation ratio
CF [%]
0 0 0 initial aggregation initial aggregation initial aggregation
1 15 30 -0.3 -1.1 -1.7
2 30 60 -6.8 -4.0 -6.5
4 60 120 -4.5 -4.7 -3.7
6 90 180 -2.6 -3.7 -0.7
8 120 240 -0.3 -1.1 -0.1
10 150 300 -0.3 -0.4 -0.2
High negative and significant correlation coefficients were found at all sites between the
aggregation ratio and the cumulative rainfall (OOF soil, R=?0.906***; YOF soil, R=?0.954***;
CF soil, R=?0.857***), but the ANOVA showed that the aggregation ratio change at the OOF,
YOF and CF soil is in general not significantly different (Annex 8). Therefore the effect of the
precipitation sum is stronger than the influence of the management system to the
aggregation ratio. But however under comparable conditions (same precipitation, same
kinetic energy, and same initial aggregation ratio) the aggregation ratio declined during the
first rainfall events at the conventional farming soil more than at the organic farming soil, and
showed earlier crusting signs than the organic soil as well. This finding was supported from
previous aggregate stability tests at the same sites. The analysis of aggregate stability
indicated that the OOF and YOF sites were not significantly different. However, the
aggregate stability at both organic farming sites was significantly different to the conventional
farming site (Schwarz, 2005). The ?GMD values showed that the aggregate stability at the
CF site is lower than at OOF and YOF site (Table 36).
Table 36 ?GMD at the OOF, YOF and CF sites
OOF YOF CF
?GMD 1.0 1.1 1.4
Lower values indicate a higher aggregate stability;
Schwarz (2005)
The decreased aggregation ratio during subsequent rainstorms in the laboratory rainfall
experiment was comparable to the results at the field experiment 2004. But in the field
experiment 2005 the aggregates at the YOF soil surface were less destroyed than at the
OOF site. Fohrer et al. (1999) stated that subsequent rainstorm experiments are more
comparable to natural conditions than single rainstorm experiments. But in general the
transferability of data reached under simulated rainfall conditions to natural conditions in the
field experiment was given with constrictions. Under natural condition the rainfall intensity as
well as the aggregate water content is very variable. The aggregate water content
determines aggregate breakdown mechanism, the breakdown products and the resulting
surface sealing (Le Bissonnais et al., 1989). Moister aggregates have a lower hydraulic
gradient and therefore a lower wetting velocity which results in lower aggregate destruction
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(Panabokke and Quirk, 1957). Wetting of dry aggregates leads to air slaking and therefore to
intensive crushing of aggregates (Fohrer et al., 1999). The results obtained under simulated
rainfall conditions can classify dynamic changes between different soils.
Runoff and infiltration characteristics
During the first rainfall event the total precipitation water infiltrated into the soil, because the
soil surface showed no crusting signs. Therefore the water tension 3 cm below the surface
decreased at all three sites with nearly the same patterns and the water content 30 cm below
the surface increased (Fig. 93; Fig. 94). After the first rainfall event (total precipitation:
15 mm) the aggregation ratio decreased at all three sites only on a small scale, but at the CF
soil initial crusting signs were visible. A reason for this behavior was given from Levy and
Mamedov (2002) who mentioned that that the raindrop impact energy of the first rainfall
event was not enough to disintegrate aggregates and lead to soil surface sealing. During the
second rainfall event the water tension at the CF and YOF site decreased slowly which
resulted in first runoff pattern at these sites. In comparison, at the OOF site the rainfall water
infiltrated completely and no runoff occurred. Burwell and Larson (1969) have shown highly
significant correlation of infiltration capacities prior to the start of runoff with a roughness
index and that differences can only occur due to the nature of the sealed or crusted layer
formed at the soil surface. After the second rainfall (total precipitation: 30 mm) the
aggregation ratio decreased more intensively than after the first rainfall event and the soil
surface of the organically managed soils showed initial crusting appearance whereas the CF
soil was visually totally crusted.
In the third rainfall event the previous surface crusting resulted in decreased water infiltration.
This is in accordance to Usón and Poch (2000) who mentioned that soil crusts reduce the
infiltration rate and increase runoff, because soil crusts have a lower percentage of planar
pores (Norton, 1987). This is probably due to rapid structural deterioration caused by
slacking and dispersion (Guzha, 2004). Additional Chappell et al. (1999) revealed a strong
relevance of aggregate stability with soil erosion and runoff. The runoff at the CF site started
earlier than at the YOF site due to lower aggregation ratio at the soil surface. The OOF site
showed only at the end of the third rainfall cycle first runoff patterns. After the third rainfall
event (total precipitation: 45 mm) the soil surfaces of the organically and conventionally
managed soils were visually crusted. The soil surface crusting resulted in decreased
infiltrations rates. The runoff started at first at the CF soil with the highest runoff rate, then at
the YOF soil with medium runoff and at last at the OOF soil with the lowest runoff rate. This
runoff pattern did not change until the last rainfall was conducted (Fig. 93).
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Wu and Fan (2002) found positive correlations between the raindrop intensity and the
compactness, thickness and bulk density of physical soil crust, because raindrop impact
provided high-energy pulses which dislodged and displaced soil particles from the soil
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surface in the splash process. Also Proffitt et al. (1993) as well as Wakindiki and Ben-Hur
(2002) found that surface runoff increased as a result of the crust formation at the soil
surface with increasing cumulative precipitation. The soil surface crusting resulted in higher
pF-values 3 cm below the surface of the conventionally managed soil compared to the
organically managed soils. The infiltration process is important in the hydrologic cycle,
because it determines the soil water, runoff and soil erosion. The decreased infiltration rate
during the rainstorm resulted mainly from the aggregate disintegration and subsequent seal
formation at the soil surface (Morin et al., 1981; Assouline, 2004). Ben-Hur and Letey (1989)
stated that the permeability of the soil is affected by seal formation. Fohrer (1995) showed
that soil surface sealings have a low hydraulic conductivity. The decreased hydraulic
conductivity and therefore the increased runoff rate during the rainfall events resulted in seal
formation and lower water contents 30 cm below the soil surface. These findings were in
accordance to Morin et al. (1981) as well as Falayi and Bouma (1975) who found variations
between tillage managements when they determined the matric potential beneath the soil
surface seal.
In general the soil sealing was characterized by changes in soil infiltration rate and runoff
volume. These findings were in accordance with Fohrer et al. (1999) who showed under
laboratory rainfall conditions that the infiltration rate decreased with increasing cumulative
rainfall energy. Morin et al. (1981) stated that seal formation reduces the infiltration rate, thus
increasing runoff. This finding was supported from Fox et al. (1998a, b), Le Bissonnais et al.
(2005), Levy and Mamedov (2002), Usón and Poch (2000) who showed that soil surface
crusting has a major impact on water infiltration. Due to the rainfall experimental design the
soil surface was dry when the next rainfall was conducted. Dry surface conditions enhance
air slaking of aggregates and the small aggregate breakdown products form subsequently a
seal with a low hydraulic conductivity (Fohrer, 1995). With decreasing soil surface
aggregation the runoff increased and the infiltration rate decreased. Fohrer et al. (1999)
found similar patterns and stated that the steepness of infiltration decrease is proportional to
the degree of presealing. Reichert and Norton (1994) as well as Le Bissonnais and Arrouays
(1997) reported negative relationships between aggregate stability of sieved soil samples
and soil susceptibility to runoff and erosion. Franzluebbers (2002b) showed in addition that
the stability of soil aggregates from a depth of 0 - 3 cm was linear related with the infiltration
rate. Roth et al. (1987), Bajracharya et al. (1992) reported relationships between aggregate
stability and soil susceptibility to erosion from field experiments, under simulated rainfall on
microplots or under natural rainfall conditions. Results of Barthes and Roose (2002)
confirmed that topsoil aggregate stability was closely and negatively related to soil
susceptibility to runoff in the field at different scales, in different locations and contexts.
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The aggregate stability analysis of Schwarz (2005) showed that the CF soil had the lowest
aggregate stability followed by the OOF and YOF site. Le Bissonnais (1996) stated that lower
aggregate stability at the soil surface tend to higher susceptibility of seal formation. The
runoff data however showed that the runoff at the CF soil is higher than at the YOF soil. The
OOF soil showed the lowest susceptibility for soil surface runoff. Therefore the aggregate
stability indices were conferrable with exceptions for the organic farming soil, because the
YOF had higher aggregate stability than the OOF soil but the YOF soil had higher runoff
rates than the OOF soil. A reason for this behavior was given from Van Dijk et al. (1996) who
showed under simulated rainfall conditions in the field (silty loess) that runoff was better
correlated with the degree of surface slaking, assessed by visual comparisons, than with the
kinetic energy of rainfall or aggregate stability. Furthermore Levy and Mamedov (2002) found
in experiments of a kaolinitic southeastern US soil that aggregate stability data correlated
well with clay content but not with organic matter content.
The soil surfaces of the conventionally and organically managed soils were totally sealed and
crusted after 45 mm total precipitation, but the sealed soil surfaces resulted in different runoff
behaviors and soil water contents (3 cm below the surface) during the rainfall events at the
three management systems. The ANOVA showed that the runoff at the Old Organic farming
site was significantly different to the Conventional Farming system (Annex 8). Furthermore
the water tension 3 cm below the soil surface was significantly different (after 30 and 60
minutes) between the organic farming sites and the conventional farming site (Annex 9).
These results show that the organically farming sites, if sealed, infiltrate more rainfall than
conventional farming sites although they showed the same soil surface behavior. A possible
reason for this pattern was given from Pagliai et al. (2004) and Zhang et al. (2006) who
mentioned that the soil crust at the organic farming system contains a few large pores that
provide continuous, vertical transmission pathways that discharge water and hence thereby
cause less runoff. Le Bissonnais et al. (1989) and Fohrer (1995) stated that coarser
breakdown products lead to more permeable seals. However the organic farming soils had
greater potential to infiltrate more rainfall and the soil erosion hazard was reduced which is a
benefit for long-term productivity of organically managed systems (Zhang et al., 2006).
Furthermore Martens and Frankenberger (1992) showed that increased organic matter
improved water infiltration due to stimulation of soil microbial activity and development of
more stable aggregates.
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Before the first rainfall event the water content was at a constant level (29.6 %) and rose
after the first rainfall event to 31.1 % and after the second to 33.4 %. Nearly the same
infiltration pattern and soil moisture contents 30 cm bs were reached up to the third rainfall
event, which indicate that the soil surface sealing at the OOF, YOF and CF soil was not
different. After the third rainfall event the soil moisture content at the OOF soil was higher
than at the YOF soil. The CF soil showed the lowest soil moisture content. Between the
rainfall events (with exception of the first rainfall event) the water content decreased (due to
the suction plates which were installed at the bottom of each soil box) and increased after
each rainfall event. Generally the water content during the whole experimental period ranged
between 27.8 % and 33.4 % with a decreasing tendency during the rainfall experiment. After
the first rainfall event started, the infiltration front reached a depth of 30 cm after approx.
60 minutes at the OOF, YOF and CF soil. At the tenth rainfall event the infiltrated water
reached a soil depth of 30 cm after approx. 90 minutes at the OOF and YOF soil and at the
CF after 150 minutes. The soil moisture 30 cm bs increased for two days after each rainfall
event, thereafter the soil moisture decreased until the next rainfall event. Fohrer et al. (1999)
as well investigated the infiltration capacity during rainfall events (30 mm intensity) of a
gleyeric luvisol and stated that after 90 minutes the water front arrive a depth of 30 cm.
The results from the rainfall experiment provide a suitable crosslink to the field observations.
Furthermore the rainfall experiment indicates the relationship between soil surface
roughness, runoff, and infiltration. Consequently the conversion from conventionally to
organically farming showed a high influence to the runoff formation, therefore the organically
management system is favorable to protect the soil against runoff and erosion. The
hypothesis of Morin et al. (1981) and Lado et al. (2004) that the soil infiltration rate, surface
runoff respectively, can be used as an index to characterize seal formation and its properties
is not valid if different management systems are compared. But if only one site is considered
the lower the infiltration rate the more developed is the soil surface crust.
5.3.2 Influence of biotic and abiotic factors to the aggregation ratio
In the rainfall experiment the enzyme activity of acid-phosphatase and ß-glucosidase
showed negative and significant correlations to the aggregation ratio (range between
R=?0.396* and R=?0.950***) at the soil surface, as well as no significant correlations. Allison
and Jastrow (2006) hypothesized that minerals and aggregates could enhance C stability by
physically preventing the enzyme degradation of C compounds. Soil aggregation can limit
enzymatic decomposition by preventing microbes and enzymes from making contact with
substrates inside the aggregates (Sollins et al., 1993). Such restriction might cause carbon to
build up within aggregates. Furthermore Allison and Jastrow (2006) predicted that increases
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in soil aggregation and C concentration would be accompanied by a reduction of enzyme
activities within soil aggregates. If however the enzymes as well as organic carbon is
stabilized within soil minerals the enzymes could coexist to organic carbon without degrading
them (Zimmermann et al., 2004). The amount and type of carbon compounds that will be lost
during aggregate breakdown and turnover is determined through the compartmentalization of
organic carbon and the linked aggregate-enzyme complex. During aggregate turnover the
enzymes which are responsible for carbon degradation will play a key role in defining the
labile carbon and as a consequence the aggregate-enzyme complex is essential for storage
of carbon (Fansler et al., 2005). In addition Gupta and Germida (1988) and Miller and Dick
(1995a, b) concluded that macroaggregates present an environment for enzyme activity and
microbial biomass (Table 37).
The random roughness (aggregation ratio) of tilled soils is according to Allmaras et al. (1966)
and Guzha (2004) an important factor for infiltration, evaporation and runoff control. Although
tillage is used to increase soil porosity, it is a short-term solution that has negative
consequences on surface soil structural stability, surface residue accumulation, and surface
soil organic carbon. These critical features control water infiltration and subsequently water
transmission and water storage in soil (Franzluebbers, 2002b). With increasing rainfall sum
the aggregation ratio declined at all three sites in 2004 and 2005 (with an exception for CF
2005), because rainfall played an important role in the formation of physical soil crust (Le
Bissonnais et al., 1998a, b; Wu and Fan, 2002) and was significant and linear related with
rainfall energy (Bohl and Roth,1993). In addition Guzha (2004) showed that the random
roughness declined with time due to the crumbling of the soil clods as a result of raindrop
impact. The pronounced soil surface sealing at the conventional site was probably attributed
to a deterioration of structural stability resulting from continuous cropping (Smith et al., 2006)
and therefore the decreased aggregation ratio could be due to slaking and breaking of soil
clods as a result of raindrop energy (Guzha, 2004).
In the field experiment 2004 and 2005 the Corg content was only negative and significant
correlated (P<0.05) with the aggregation ratio at the OOF (Table 37). Green et al. (2006) and
Kay and Angers (1999) found strong links between aggregate stability and organic matter
content and Fansler et al. (2005) stated in addition that organic matter accumulation and
storage is coupled with the aggregate stability. Herrick et al. (2001), Pinheiro et al. (2004)
and Tisdall and Oades (1982) revealed that organic matter is one of the main agents favoring
soil aggregation, but Levy and Mamedov (2002) found no significant correlations between
aggregate stability and organic matter content. In general the YOF and the CF sites showed
no significant correlation coefficients to the organic carbon content. A reason for this
behavior was given from Piccolo et al. (1999) and Chenu et al. (2000) who revealed that not
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only the amount of organic matter but also its composition is of importance for the
stabilization of soil aggregates. Consequently, in some cases high organic matter content is
not accompanied by high structural stability (Sarah, 2006).
In the field and rainfall experiments the Conventional Farming site showed earlier and more
pronounced soil crusting signs than the Organic Farming sites (OOF, YOF). Green et al.
(2006) revealed that soil aggregation and stability can change with tillage management. No-
till practices allow continued aggregation over a long period of time, whereas conventional
tillage disrupts the aggregation process. At the organic farming sites the aggregation ratio
decreased with increasing rainfall sum but the decrease was more pronounced at the OOF
site than at the YOF site, may be due to higher clay content at the YOF site which resulted in
a higher aggregate stability. It is well documented that the clay content is known to affect the
aggregate stability (Cerda, 1998; Levy and Mamedov, 2002). However Ben-Hur et al. (1985)
found that in soils containing more than 20 % clay content the clay fraction acts as a
cementing material, stabilizing soil aggregates against raindrop impact and therefore
preventing the soil against crust formation. On the other hand, in soils containing less than
20 % clay content, the clay acts as a substrate for crust formation, decreasing the steady
state hydraulic conductivity of the crust. In addition Awadhwal and Thierstein (1985) showed
that soils which have high clay and sand content and low organic matter content were prone
to surface sealing, crusting and runoff.
Table 37 Correlation coefficients (R)a between the aggregation ratio and biotic and abiotic parametersb
at the OOF, YOF and CF site for 2004, 2005 and 2004/2005
Aggregation ratio Aggregation ratio Aggregation ratio
OOF YOF CF
variable 2004 2005 2004/2005 2004 2005
2004/
2005 2004 2005
2004/
2005
Pho -0.864*** -0.620*** -0.715*** -0.950*** 0.093n.s. -0.569*** -0.396* 0.378* -0.325*
Glu -0.725*** -0.218n.s. -0.461** -0.922*** -0.048n.s. -0.669*** -0.363* 0.274n.s. -0.339*
Corg -0.398* -0.299* -0.318* -0.026n.s. -0.390* 0.098n.s. 0.229n.s. -0.007n.s. 0.242n.s.
Cmic -0.808*** -0.633*** -0.645*** -0.891*** 0.308* -0.475** -0.683*** 0.663*** -0.490**
precip.
sum -0.958*** -0.742*** -0.832*** -0.974*** -0.847*** -0.827*** -0.818*** 0.595*** -0.543**
a Level of significance: * P <0.05, ** P <0.01, *** P <0.001, n.s. not significant
b Acid-phosphatase (Pho), ß-glucosidase (Glu), organic carbon content (Corg), microbial carbon
content (Cmic) and precipitation sum (precip. sum)
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The microbial carbon content as well as the enzyme activity showed in general negative and
significant correlations in the field (Table 37). This result was supported by Tabatabai (1994)
who stated that the microbial population is the major source of soil enzymes. In addition
Bearden and Petersen (2000), Guggenberger et al. (1999) as well as Tisdall and Oades
(1982) stated that plant roots, fungal hyphae and microbial exudates are important for
aggregate stability, because they are binding agents and source of organic material to soil
aggregates. Therefore it could be well understood that the enzyme activity which derives
from roots are important for aggregate stability. The microbial population controls soil
processes. Jastrow et al. (1996) and Six et al. (1999) showed that increased microbial
activity can lead to increased soil aggregation. Changes in aggregate stability are believed to
provide a long-term indication of changes in organic matter quantity and quality (Lynch and
Bragg, 1985). Alguacil et al. (2005) revealed that the soil microbial activity is linked to the
aggregate stability and Mäder et al. (2002b) found high positive correlations between
aggregate stability and microbial biomass.
It could be concluded that the precipitation sum is one of the major controlling factors for
aggregate stability and susceptibility to soil surface sealing and crusting. This hypothesis
was supported from high negative and significant correlations (2004, 2005) between the
aggregation ratio and the precipitation sum. Schwarz (2005) found in previous analysis at the
same sites that the aggregate stability at the organic farming sites was significantly higher
than at the conventionally farming site. Furthermore high significant correlation coefficients
but as well as no significant correlation coefficients were found between the aggregation ratio
and enzyme activities as well as to the microbial carbon. Therefore no clear trend could be
stated and the enzyme activity of acid-phosphatase and of ß-glucosidase is linear correlated
with the aggregation ratio. Consequently more investigations are needed to confirm this
hypothesis.
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5.4 Conclusion
In the upper three centimeters of the soil surface the enzyme activities of acid-phosphatase
and ß-glucosidase as well as the microbial carbon content were significantly influenced by
the management systems as well as of the date of conversion to organic farming. In general
the mean square values of acid-phosphatase, ß-glucosidase and microbial carbon were at
the well established organic farming site (OOF) higher than at the recently established
organic farming site (YOF). Both organic managed sites showed higher enzyme activities
and higher microbial carbon contents than the conventional farming site (CF). Therefore the
Young Organic Farming site could be understood as an interstage between the conventional
farming system and the well established organic farming system.
Between the enzyme activities of acid-phosphatase and ß-glucosidase high and significant
correlation coefficients were found to the microbial carbon as well as to the organic carbon.
These findings indicated a strong linear relationship between the enzyme activities and
microbial carbon as well as organic carbon. However the temperature showed in some cases
high positive and significant correlation coefficients to the activities of both enzymes at the
OOF, YOF and CF site. The dynamic changes of acid-phosphatase and ß-glucosidase at the
Old Organic Farming site, Young Organic Farming site and Conventional Farming site were
in general pooled results of Cmic, Corg, and temperature dynamics. But other factors such
as nitrogen and soil moisture content could as well influence the enzyme activities under
specific conditions.
The biotic indicators such as acid-phosphatase, ß-glucosidase and microbial carbon were
good indicators to analyze differences between management systems. They were also
appropriate to reveal short time differences between conventional management system and
the date of conversion from conventional to organic farming. But however to classify the
results it is very important to analyze these parameters for a longer period of time because
the dynamic changes in between season were intense.
In addition to the analysis of biotic and abiotic parameters the soil surface was considered in
the field under natural and therefore not controllable conditions as well as in the laboratory
rainfall experiment under controlled conditions. Martens and Frankenberger (1992) showed
that increased organic matter improved water infiltration due to stimulation of soil microbial
activity and development of more stable aggregates. However in the conducted experiments
high significant correlation coefficients and no significant correlation coefficients were found
between the aggregation ratio and the enzyme activities as well as to the Cmic content.
Therefore no clear trend could be stated. Consequently more investigations are needed to
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confirm the hypothesis that the enzyme activities of acid-phosphatase and ß-glucosidase
influence the aggregation ratio at the soil surface as well as the susceptibility for soil surface
crusting.
In the field as well in the rainfall experiment the precipitation sum was the major reason for a
aggregation ratio decrease at the soil surface and therefore to the susceptibility for soil
surface crusting. In the rainfall experiment the aggregation ratio declined at the Conventional
Farming site more and showed earlier soil crusting signs than at the Organic Farming sites.
The runoff during the rainfall experiments at the CF site was higher than at the YOF site. The
OOF site showed the lowest runoff. The organic farming soils infiltrated as well more rainfall
water than the conventional farming sites although they showed the same aggregation ratio
at the soil surface during the last four rainfall events.
Therefore the recently established organic farming site (OOF) could be understood as
interstage between the well established organic farming site (OOF) and the conventional
farming site (CF). Due to these findings the hypothesis of Morin et al. (1981) and Lado et al.
(2004) that the soil infiltration rate, respectively surface runoff, can be used as an index to
characterize seal formation and its properties is not valid if different management systems
are compared. But if only one site is considered the lower the infiltration rate the more
developed is the soil surface crust.
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6 Summary
In agricultural areas the soil surface presents in general a vital interface that receives
different impacts due to the tillage and residue management. In northern Germany one well
established organic farming site (OOF), one recently established organic farming site (YOF)
and one conventional farming site (CF) were selected to identify management effects to
biotic and abiotic parameters in the rhizosphere. Extensive field experimental analyses under
non controlled environmental conditions as well as laboratory rainfall experiments under
controlled environmental conditions were conducted. In the field experiment large dynamic
changes of the biotic and abiotic parameters were found. In general the experimental data
showed that the enzyme activities, microbial carbon, organic carbon and the Cmic/Corg ratio
were significantly affected by the date of conversion from conventional to organic farming
management and from the conventional management system. In general the biotic and
abiotic parameters at the OOF site were higher than at the YOF site. Both organic managed
sites showed higher values than the CF site.
Additional to the field experiment a rainfall experiment was conducted to analyze the
management effects of soil surface aggregation and crusting to runoff and infiltration. The
experimental data received from the rainfall experiment showed that the soil surface crusting
process at the conventional soils started earlier than at the organic soils. While the soil
surface of the conventionally and organically managed soils were similarly sealed the well
established organic farming management (OOF) showed lower runoff rates than the recently
established organic farming management (YOF). Both organic farming managements
showed lower surface runoff rates and a higher water infiltration capacity than the
conventional management (CF).
Consequently the recently established organic farming site (YOF) could be understood as an
interstage between the conventional farming system (CF) and the well established organic
farming system (OOF). The conversion from conventional farming to organic farming results
in a greater potential to infiltrate rainfall and lower runoff rates. These findings indicate
furthermore that the activities of acid-phosphatase and ß-glucosidase can be used to identify
differences between land use managements. They are also appropriate to find short time
differences between the dates of conversion from conventional to organic farming.
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7 Zusammenfassung
Die Bodenoberfläche von landwirtschaftlich genutzten Böden wird durch unterschiedliche
Bewirtschaftung stark beeinflusst. Um den Effekt ökologischer Bewirtschaftung auf biotische
und abiotische Faktoren der Bodenoberfläche erforschen zu können, wurden in
Norddeutschland zwei ökologisch und eine konventionell bewirtschaftete Fläche ausgewählt.
Im Einzelnen handelte es sich dabei um eine Old Organic Farming Fläche (OOF), die seit
1994 von konventionell auf organische Bewirtschaftungsweise umgestellt wurde und um die
Young Organic Farming Fläche (YOF), die seit 2001 organisch bewirtschaftet wird. Weiterhin
wurde eine konventionell bewirtschaftete Fläche (CF) untersucht. Die Analysen wurden
einerseits im Freiland unter den natürlichen Bedingungen, als auch im Labor unter
kontrollierten Umgebungsbedingungen durchgeführt. In dem zweijährigen Feldexperiment
wurden dynamische Effekte der biotischen und abiotischen Parameter auf allen
Versuchsflächen entdeckt. Anhand statistischer Analysen konnte festgestellt werden, dass
die Enzym Aktivitäten der sauren Phosphatase und ß-Glucosidase, sowie der Gehalt an
mikrobiellem und organischem Kohlenstoff signifikant von der konventionellen als auch von
der organischen Bewirtschaftungsweise beeinflusst wurden. In den Experimenten wurden
höhere biotische Aktivitäten und abiotische Werte auf dem OOF Schlag gefunden als auf
dem YOF Schlag. Beide organische Schläge zeigten höhere Aktivitäten und Gehalte als
unter konventioneller Bewirtschaftung. Im Beregnungsexperiment wurde zusätzlich zu den
abiotischen und biotischen Feldanalysen noch der Oberflächenabfluss und die
Infiltrationsleistung analysiert. Dabei zeigte sich, dass es unter kontrollierten Bedingungen
nur zu geringen Schwankungen der mikrobiellen Aktivität kam, trotz allem aber höhere
Enzymaktivitäten in dem OOF als in dem YOF Boden gefunden wurden. Beide organische
Böden zeigten ebenso höhere Werte als der konventionelle Boden. Die Analyse der
Oberflächenaggregation zeigte, dass der CF Boden schneller verschlämmte als die Böden
der organischen Bewirtschaftung obwohl die Niederschlagsmenge nicht variierte. Weiterhin
konnte festgestellt werden, dass auf dem OOF Boden weniger Oberflächenabfluss entstand
als auf dem YOF Boden. Der CF Boden zeigte den höchsten Oberflächenabfluss und die
geringste Infiltrationsleistung, obwohl alle drei Böden visuell gleiche Verkrustungs-
erscheinungen aufwiesen. Somit wurde gezeigt, dass durch eine Veränderung der
Bewirtschaftungsweise ein positiver Effekt auf die Infiltrationsleistung ausgeübt werden kann,
wodurch die Gefahr von Bodenerosion verringert wird. Anhand der Ergebnisse kann die seit
2001 organisch bewirtschaftete Fläche (YOF) als Zwischenstufe der seit 1994 organisch
bewirtschafteten Fläche (OOF) und der konventionellen Bewirtschaftung (CF) angesehen
werden. Ebenso zeigte sich, dass die Analyse der ß-Glucosidase und der sauren
Phosphatase geeignet ist Unterschiede zwischen Bewirtschaftungsweisen zu erfassen.
References 151
8 References
Abu Hammad, A. H., Børresen, T. and Haugen, L. E., 2006. Effects of rain characteristics
and terracing on runoff and erosion under the Mediterranean. Soil and tillage research, 87.
pp. 39-47.
Acosta-Martinez, V., Reicher, Z., Bischoff, M. and Turco, R. F., 1999. The role of tree leaf
mulch and nitrogen fertilizer on turfgrass soil quality. Biology and Fertility of Soils, 29. pp. 55-
61.
Acosta-Martinez, V. and Tabatabai, M. A., 2000a. Arylamidase activity of soils. Soil Sci.
Soc. Am. J., 64. pp. 215-221.
Acosta-Martinez, V. and Tabatabai, M. A., 2000b. Enzyme activity in a limed agricultural
soil. Biology and Fertility of Soils, 31. pp. 85-91.
Acosta-Martinez, V., Klose, S. and Zobeck, T. M., 2003a. Enzyme activities in semiarid
soils under conservation reserve program, native rangeland, and cropland. J. Plant Nutr. Soil
Sci., 166. pp. 699-707.
Acosta-Martinez, V., Zobeck, T. M., Gill, T. E. and Kennedy, A. C., 2003b. Enzyme
activities and microbial community structure in semiarid agricultural soils. Biology and Fertility
of Soils, 38. pp. 216-227.
Acosta-Martinez, V., Upchurch, D. R., Schubert, A. M., Porter, D. and Wheeler, T., 2004.
Early impacts of cotton and peanut cropping systems on selected soil chemical, physical,
microbiological and biochemical properties. Biology and Fertility of Soils, 40. pp. 44-54.
Agassi, M., Shainberg, I. and Morin, J., 1981. Effect of electrolyte concentration and soil
sodicity on the infiltration rate and crust formation. Soil Sci. Soc. Am. J., 45. pp. 848-851.
Agassi, M., Bloem, D. and Ben-Hur, M., 1994. Effect of drop energy and soil and water
chemistry on infiltration and erosion. Water Resources Research, 30. pp. 1187-1193.
Alef, K., 1991. Methodenhandbuch Bodenmikrobiologie: Aktivitäten, Biomasse,
Differenzierung. ecomed Verlag, Landsberg/Lech.
Alef, K. and Nannipieri, P., 1995. Methods in applied soil microbiology and biochemistry.
Academic Press, London, New York, San Francisco.
Alguacil, M. M., Caravaca, F. and Roldán, A., 2005. Changes in rhizosphere microbial
activity mediated by native or allochthonous AM fungi in the reafforestation of a
Mediterranean degraded environment. Biology and Fertility of Soils, 41. pp. 59-68.
Allison, S. D. and Vitousek, P. M., 2005. Responses of extracellular enzymes to simple and
complex nutrient inputs. Soil Biology and Biochemistry, 37. pp. 937-944.
Allison, S. D. and Jastrow, J. D., 2006. Activities of extracellular enzymes in physically
isolated fractions of restored grassland soils. Soil Biology and Biochemistry, 38. pp. 3245-
3256.
References152
Allmaras, R. R., Burwell, R. E., Larson, W. E. and Holt, R. F., 1966. Total porosity and
random roughness of the interrow zone as influenced by tillage. USDA Conservation
Research Report, 7. pp. 22.
Alvarez, R., Díaz, R. A., Barbero, N., Santanatoglia, O. J. and Blotta, L., 1995. Soil
organic carbon, microbial biomass and CO2-C production from three tillage systems. Soil and
tillage research, 33. pp. 17-28.
Amador, J. A., Glucksman, A. M., Lyons, J. B. and Gorres, J. H., 1997. Spatial
distribution of soil phosphatase activity within a riparian forest. Soil Science, 162. pp. 808-
825.
Amman, J., 1989. Vergleichende Untersuchungen von Humuskriterien bei konventionell und
alternativ wirtschaftenden Betrieben. Cambridge University Press, Cambridge.
Anderson, J. P. E. and Domsch, K. H., 1978. A physiological method for the quantitative
measurement of microbial biomass in soils. Soil Biology and Biochemistry, 10. pp. 215-221.
Anderson, T. H. and Domsch, K. H., 1989. Ratios of microbial biomass carbon to total
organic carbon in arable soils. Soil Biology and Biochemistry, 21. pp. 471-479.
Angers, D. A., Bissonnette, N., Légère, A. and Samson, N., 1993. Microbial and
biochemical changes induced by rotation and tillage in a soil under barley production. Can. J.
Soil Sci., 73. pp. 39-50.
Armstrong Brown, S., Cook, H. F. and McRae, S. G., 1993. Investigations into soil organic
matter as affected by organic farming in south - east England., in Cook, H.F. and Lee, H.C.,
eds., Soil management in sustainable agriculture.
Arshad, M. A. and Mermut, A. R., 1988. Micromorphological and physico-chemical
characteristics of soil crust types in northwestern Alberta Cananda. Soil Sci. Soc. Am. J., 52.
pp. 724-729.
Arshad, M. A., Schnitzer, M., Angers, D. A. and Rippmeester, J. A., 1990. Effects of till,
vs no-till in the quality of soil organic matter. Soil Biology and Biochemistry, 22. pp. 595-599.
Arshad, M. A., Franzluebbers, A. J.  and Azooz, R. H., 1999. Components of surface soil
structure under conventional and no-tillage in northwestern Canada. Soil and tillage
research, 53. pp. 41-47.
Ashraf, M., Mahmood, T., Azam, F. and Qureshi, R. M., 2004. Comparative effects of
applying leguminous and non-leguminous green manures and inorganic N on biomass yield
and nitrogen uptake in flooded rice (Oryza sativa L.). Biology and Fertility of Soils, 40. pp.
147-152.
Assouline, S., 2004. Rainfall-induced soil surface sealing: A critical review of observations,
conceptual models and solutions. Vadose Zone J., 3. pp. 570-591.
Auerswald, K. and Kutilek, M., 1998. An European view to the protection of the soil
resource. Soil and tillage research, 46. pp. 9–11.
References 153
Awadhwal, N. K. and Thierstein, G. E., 1985. Soil crust and its impact on crop
establishment: a review. Soil and tillage research, 5. pp. 289-302.
Badiane, N. N. Y., Chotte, J. L., Pate, E., Masse, D. and Rouland, C., 2001. Use of soil
enzymes to monitor soil quality in natural and improved fallows in semi-arid tropical regions.
Applied Soil Ecology, 18. pp. 229-238.
Bailey, V. L., Peacock, A. D., Smith, J. L. and Bolton Jr., H., 2002. Relationships between
soil microbial biomass determined by chloroform fumigation-extraction, substrate-induced
respiration, and phospholipid fatty acid analysis. Soil Biology and Biochemistry, 34. pp. 1385-
1389.
Bajracharya, R. M., Elliott, W. J. and Lal, R., 1992. Interrill erodibility of some Ohio soils
based on field rainfall simulator. Soil Sci. Soc. Am. J., 56. pp. 267-272.
Baldock, J. A. and Nelson, P. N., 2000. Soil organic matter, in Sumner, M.E., eds.,
Handbook of soil science. CRC Press, pp. B25–B84.
Balota, E. L., Colozzi-Filho, A., Andrade, D. S. and Dick, R. P., 2003. Microbial biomass in
soils under different tillage and crop rotation systems. Biology and Fertility of Soils, 38. pp.
15-20.
Bandick, A. K. and Dick, R. P., 1999. Field management effects on soil enzyme activities.
Soil Biology and Biochemistry, 31. pp. 1471-1479.
Barthes, B. and Roose, E., 2002. Aggregate stability as an indicator of soil susceptibility to
runoff and erosion; validation at several levels. Catena, 47. pp. 133-149.
Bearden, B. N. and Petersen, L., 2000. Influence of arbuscular mycorrhizal fungi on soil
structure and aggregate stability of a vertisol. Plant and Soil, 218. pp. 173-183.
Beare, M. H., Cabrera, M. L., Hendrix, P. F. and Coleman, D. C., 1994a. Aggregate-
protected and unprotected organic matter pools in conventional and no-tillage soils. Soil Sci.
Soc. Am. J., 58. pp. 787-795.
Beare, M. H., Hendrix, P. F. and Coleman, D. C., 1994b. Water-stable aggregates and
organic matter fractions in conventional- and no-tillage soils. Soil Sci. Soc. Am. J, 58. pp.
777-786.
Beck, E., Fußeder, A. and Kraus, M., 1989. The maize root system in situ: evaluation of
structure and capability of utilization of phytate and inorganic soil phosphates. Z.
Pflanzenernähr. Bodenk., 152. pp. 159-167.
Beck, T., Joergensen, R. G., Kandeler, E., Makeschin, F., Nuss, E., Oberholzer, H. R.
and Scheu, S., 1997. An inter-laboratory comparison of ten different ways of measuring soil
microbial biomass C. pp.1023-1032.
Beck, T. and R. Beck, 2000. Bodenenzyme, ecomed, München
References154
Ben-Hur, M., Shainberg, I., Bakker, D. and Keren, R., 1985. Effect of soil texture and
CaCO3 content on water infiltration in crusted soils as related to water salinity. Irrig. Sci., 6.
pp. 281-284.
Ben-Hur, M., Plaut, A., Shainberg, I., Meiri, A and Agassi, M., 1989. Cotton canopy and
drying effects on runoff during irrigation with moving sprinkler systems. Agron. J., 81. pp.
752-757.
Ben-Hur, M. and Letey, J., 1989. Effect of polysaccharides, clay dispersion, and impact
energy on water infiltration. Soil Sci. Soc. Am. J., 53. pp. 233-238.
Bergsma, E., 1996. Terminology for soil erosion and conservation. ISSS, Wageningen.
Bergstrom, D. W., Monreal, C. M. and King, D. J., 1998. Sensitivity of soil enzyme
activities to conservation practices. Soil Sci. Soc. Am. J., 62. pp. 1286-1295.
Bergstrom, D. W., Monreal, C. M., Tomlin, A. D. and Miller, J. J., 2000. Interpretation of
soil enzyme activities in a comparison of tillage practices along a topographic and textural
gradient. Canadian Journal of Soil Science, 80. pp. 71-79.
Bertrand, A. R. and Sor, K., 1962. The effects of rainfall intensity on soil structure and
migration of colloidal materials in soils. Soil Sci. Soc. Am. J., 26. pp. 297-300.
Bescansa, P., Imaz, M. J., Virto, I., Enrique, A. and Hoogmoed, W. B., 2006. Soil water
retention as affected by tillage and residue management in semiarid Spain. Soil and tillage
research, 87. pp. 19-27.
Bird, S. B., Herrick, J.E., Wander, M. M. and Wright, S. F., 2002. Spatial heterogeneity of
aggregate stability and soil carbon in semi-arid rangeland. Environmental Pollution, 116. pp.
445-455.
Boerner, R. E. J., Brinkman, J. A. and Smith, A., 2005. Seasonal variations in enzyme
activity and organic carbon in soil of a burned and unburned hardwood forest. Soil Biology
and Biochemistry, 37. pp. 1419-1426.
Bohl, H. and Roth, C. H., 1993. A simple method to assess the susceptibility of soils to form
surface seals under field conditions. Catena, 20. pp. 247-256.
Boiffin, J. and Monnier, G., 1999. Infiltration rate as affected by soil surface crusting caused
by rainfall. In Le Bayon, R.C. and Binet, F.: Rainfall effects on erosion of earthworms casts
and phosphorus transfers by water runoff. Biology and Fertility of Soils, 30. pp. 7-13.
Bolton, H. Jr., Elliot, L. F., Papendick, R. I. and Bezdicek, D. F., 1985. Soil microbial
biomass and selected soil enzyme activities: effect of fertilization and cropping practices. Soil
Biology and Biochemistry, 17. pp. 297-302.
Bradford, J. M. and Huang, C., 1994. Interrill soil erosion as affected by tillage and residue
cover. Soil and tillage research, 31. pp. 353-361.
References 155
Bresson, L. M., Koch, C., Le Bissonnais, Y., Barriuso, E. and Lecomte, V., 2001. Soil
surface structure stabilization by municipal waste compost application. Soil Sci. Soc. Am. J.,
65. pp. 1804-1811.
Briggs, G. E. and Haldane, J. B. S., 1925. A note on the kinetics of enzyme action.
Biochem. J, 19. pp. 339-339.
Brookes, P. C., 1995. The use of microbial parameters in monitoring soil pollution by heavy
metals. Biology and Fertility of Soils, 19. pp. 269-279.
Bryan, R. B. and Poesen, J., 1989. Laboratory experiments on the influence of slope length
on runoff, percolation and rill development. Earth Surf. Processes, 14. pp. 211-231.
Buchanan, M. and King, L. D., 1992. Seasonal fluctuations in microbial biomass carbon,
phosphorus, and activity in no-till and reduced chemical input maize agroecosystems.
Biology and Fertility of Soils, 13. pp. 211-217.
Bundy, L. G., Andraski, T. W. and Powell, J. M., 2001. Management practice effects on
phosphorus losses in runoff in corn production systems. J. Environ. Qual., 30. pp. 1822–
1828.
Burns, R. G., 1982. Enzyme activity in soil: Location and a possible role in microbial
ecology. Soil Biology and Biochemistry, 14. pp. 423-427.
Burwell, R. E. and Larson, W. E., 1969. Infiltration as influenced by tillage induced
roughness and pore space. Soil Sci. Soc. Am. Proc., 33 (3). pp. 449-452.
Busto, M. D. and Perez-Mateos, M., 1995. Extraction of humic-ß-glucosidase fractions from
soil. Biology and Fertility of Soils, 20. pp. 77-82.
Campbell, C. A., Biederbeck, V. O., Zentner, R. P. and Lafond, G. P., 1991. Effect of crop
rotations and cultural practices on soil organic matter, microbial biomass and respiration in a
thin black Chernozem. Canadian Journal of Soil Science, 71. pp. 363-376.
Campbell, C. A., Moulin, A. P., Bowren, K. E., Janzen, H. H., Townleysmith, L. and
Biederbeck, V. O., 1992. Effect of crop rotation on microbial biomass, specific respiratory
activity and mineralizable nitrogen in a black chernozemic soil. Canadian Journal of Soil
Science, 72. pp. 417-427.
Cannell, R. Q. and Hawes, J. D., 1994. Trends in tillage practices in relation to sustainable
crop production with special reference to temperate climates. Soil and tillage research, 30.
pp. 245–282.
Capriel, P., 1991. Vergleichende Bodenuntersuchungen von konventionell und alternativ
bewirtschafteten Betriebsschlägen, 2. Mitteilungen. IV. Humuschemische Untersuchungen.
Landwirtschaftl. Jahrbuch., pp. 68 (4):427-430.
Carter, M. R. and Rennie, D. A., 1982. Changes in soil quality under zero tillage farming
systems: Distribution of microbial biomass and mineralizable C and N potentials. Can. J. Soil
Sci., 62. pp. 587-597.
References156
Carter, M. R., 1986. Microbial biomass as an index for tillage-induced changes in soil
biological properties. Soil and Tillage Research, 7. pp. 29-40.
Cerda, A., 1998. Soil aggregate stability under different Mediterranean vegetation types.
Catena, 32. pp. 73-86.
Chan, K. Y. and Mullins, C. E., 1994. Slaking characteristics of some Australian and British
soils. European Journal of Soil Science, 45. pp. 273-283.
Chan, K. Y. and Heenan, D. P., 1999. Microbial-induced soil aggregate stability under
different crop rotations. Biology and Fertility of Soils, 30. pp. 29-32.
Chander, K., Goyal, S., Mundra, M. C. and Kapoor, K. K., 1997. Organic matter, microbial
biomass and enzyme activity of soils under different crop rotations in the tropics. Biology and
Fertility of Soils, 24. pp. 306-310.
Chaney, K. and Swift, R. S., 1984. The influence of organic matter on aggregate stability in
some British soils. Journal of Soil Science, 35. pp. 223-30.
Chang, X. C. and Juma, N. G., 1996. Impact of crop rotations on microbial biomass, faunal
populations, and plant C and N in a gray Luvisol (Typic Cryoboralf). Biology and Fertility of
Soils, 22. pp. 31-39.
Chappell, N. A., Ternan, J. L. and Bidin, K., 1999. Correlation of physicochemical
properties and sub-erosional landforms with aggregate stability variations in a tropical Ultisol
disturbed by forestry operations. Soil and tillage research, 50. pp. 55-71.
Chen, F., Kissel, D. E., West, L. T. and Adkins, W., 2000. Field-Scale Mapping of Surface
Soil Organic Carbon Using Remotely Sensed Imagery. Soil Sci. Soc. Am. J., 64. pp. 746-
753.
Chenu, C., Le Bissonnais, Y. and Arrouays, D., 2000. Organic matter influence on clay
wettability and soil aggregate stability. Soil Sci. Soc. Am. J., 64. pp. 1479-1486.
Chróst, R. J., 1991. Environmental control of the synthesis and activity of aquatic microbial
ectoenzymes, in Chróst, R.J. (Ed.), Microbial enzymes in aquatic environments. Springer-
Verlag, New York.
Clarholm, M., 1993. Microbial biomass P, labile P, and acid phosphatase activity in the
humus layer of a spruce forest, after repeated addition of fertilizers. Biology and Fertility of
Soils, 16. pp. 287-292.
Clivati-McIntyre, A. A. and McCoy, E. L., 2006. Fractional Brownian description of
aggregate surfaces within undisturbed soil samples using penetration resistance
measurements. Soil and tillage research, 88. pp. 144-152.
Connolly, R. D., 1998. Modelling effects of soil structure on the water balance of soil-crop
systems: a review. Soil and tillage research, 48. pp. 1-19.
References 157
Criquet, S., Ferre, E., Farnet, A. M. and Le petit, J., 2004. Annual dynamics of
phosphatase activities in an evergreen oak litter: influence of biotic and abiotic factors. Soil
Biology and Biochemistry, 36. pp. 1111-1118.
Curci, M., Pizzigallo, M. D. R., Crecchio, C., Mininni, R. and Ruggiero, P., 1997. Effects
of conventional tillage on biochemical properties of soils. Biology and Fertility of Soils, 25. pp.
1-6.
Currence, H.D. and Lovely, W.G., 1970. The analysis of soil surface roughness. Trans.
ASAE, 13. pp. 710-714.
Dalal, R. C. and Mayer, R. J., 1977. Long term effects in fertility of soils under continuous
cultivation and cereal cropping in southern Queensland. II. Total organic carbon and its rate
of loss from the soil profile. Aust. J. Soil Research, 24. pp. 281-292.
Denef, K., Six, J., Merckx, R. and Paustian, K., 2004. Carbon sequestration in
microaggregates of no-tillage soils with different clay mineralogy. Soil Sci. Soc. Am. J., 68.
pp. 1935-1944.
Deng, S. P. and Tabatabai, M. A., 1994. Cellulase activity of soils. Soil Biology and
Biochemistry, 26. pp. 1347–1354.
Deng, S. P. and Tabatabai, M. A., 1996a. Effect of tillage and residue management on
enzyme activities in soils I. Amidohydrolases. Biology and Fertility of Soils, 22. pp. 202-207.
Deng, S. P. and Tabatabai, M. A., 1996b. Effect of tillage and residue management on
enzyme activities in soils: II. Glycosidases. Biology and Fertility of Soils, 22. pp. 208-213.
Deng, S. P. and Tabatabai, M. A., 1997. Effect of tillage and residue management on
enzyme activities in soils: III. Phosphatases and arylsulfatase. Biology and Fertility of Soils,
24. pp. 141-146.
Deng, S. P., Moore, M. J. and Tabatabai, M. A., 2000. Characterization of active nitrogen
pools in soils under different cropping systems. Biology and Fertility of Soils, 32. pp. 302-309.
Dexter, A. R., 2002. Soil structure: the key to soil function. Adv. GeoEcology, 35. pp. 57-69.
Dick, W. A. and Tabatabai, M. A., 1978. Hydrolysis of organic and inorganic phosphorus
compounds added to soils. Geoderma, 21. pp. 175-182.
Dick, W. A., 1983. Organic carbon, nitrogen, and phosphorus concentrations and pH in soil
profiles as affected by tillage intensity. Soil Sci. Soc. Am. J., 47. pp. 102-107.
Dick, W. A., 1984. Influence of long-term tillage and crop rotation combinations on soil
enzyme activities. Soil Sci. Soc. Am. J., 48. pp. 569-574.
Dick, R. P., Rasmussen, P. E. and Herle, E. A., 1988. Influence of long term residue
management on soil enzyme activities in relation to soil chemical properties of a wheat-fallow
system. Biology and Fertility of Soils, 6. pp. 158–164.
Dick, R. P., 1992. A review: long-term effects of agricultural systems on soil biochemical and
microbial parameters. Agric Ecosyst Environ, 40. pp. 25-36.
References158
Dick, W. A. and Tabatabai, M. A., 1992. Significance and potential uses of soil enzymes. In
F. B. Metting Jr. (ed): Soil Microbial Ecology. Marcel Dekker, Inc., New York.
Dick, R. P., Breakwell, D. P. and Turco, R. F., 1996. Soil enzyme activities and biodiversity
measurements as integrative microbiological indicators. Soil Sci. Soc. Am. J. 49, 247-271.
Dick, R. P., 1997. Soil enzyme activities as integrative indicators of soil health, Biological
indicators of soil health. CAB International, pp. 121-156.
Dick, W. A., Cheng, L and Wang, P., 2000. Soil acid alkaline phosphatase activity as pH
adjustment indicators. Soil Biology and Biochemistry, 32. pp. 1915-1919.
Dick, W. A. and Gregorich, E. G., 2004. Developing and maintaining soil organic matter
levels, in Schjonning, P., Elmholt, S. and Christensen, B.T., eds., Challenges in Modern
Agriculture. CAB International., pp. 103-120.
Diez, T., Bihler, E. and Krauss, M., 1991. Auswirkungen abgestufter Intensitäten im
Pflanzenbau auf Lebensgemeinschaften des Ackers, Bodenfruchtbarkeit und Ertrag. IV.
Auswirkungen abgestufter Pflanzenbauintensitäten auf Bodenkennwerte und Nährstoffbilanz.
Landwirtschaftl. Jahrbuch, 68 (3). pp. 354-361.
Dilly, O., 1994.  Mikrobielle Prozesse in Acker-, Grünland-, und Waldböden, Ecosys,
Beiträge zur Ökosystemforschung Suppl., 8.
Dilly, O. and Nannipieri, P., 2001. Response of ATP content, respiration and enzyme
activities in an arable and a forest soil to nutrient additions. Biology and Fertility of Soils, 34.
pp. 64-72.
Ding, G, Liu, X., Herbert, S., Novakd, J., Amarasiriwardena, D. and Xing, B., 2006. Effect
of cover crop management on soil organic matter. Geoderma, 130. pp. 229-239.
Dinkelaker, B. and Marschner, H., 1992. In vivo demonstration of acid phosphatase activity
in the rhizosphere of soil-grown plants. Plant and Soil, 144. pp. 199-205.
Dodor, D. E. and Tabatabai, M. A., 2002. Cropping systems and microbial biomass effects
on arylamidase activity  in soils. Biology and Fertility of Soils, 35. pp. 253-261.
Dodor, D. E. and Tabatabai, M. A., 2003. Effect of cropping systems on phosphatases in
soils. J. Plant Nutr. Soil Sci., 166. pp. 7-13.
Dodor, D. E. and Tabatabai, M. A., 2005. Glycosidases in soils as affected by cropping
systems. J. Plant Nutr. Soil Sci., 168. pp. 749-758.
Dolan, M. S., Clapp, C. E., Allmaras, R. R., Baker, J. M. and Molina, J. A. E., 2006. Soil
organic carbon and nitrogen in a Minnesota soil as related to tillage, residue and nitrogen
management. Soil and tillage research, 89. pp. 221-231.
Doran, J. W., 1980. Soil microbial and biochemical changes associated with reduced tillage.
Soil Sci. Soc. Am. J., 44. pp. 765-771.
References 159
Doran, J. W. and Parkin, T. B., 1994. Defining and assessing soil quality. In Doran, J.W.,
Coleman, D.C., Bezdicek, D.F. and Stewart, B.A., eds., Defining Soil Quality for a
Sustainable Environment. Soil Sci. Soc. Am. pp. 3-21.
Doran, J. W., Elliot, E. T. and Paustian, K., 1998. Soil microbial activity, nitrogen cycling
and long term changes in organic carbon pools as related to fallow tillage management. Soil
and tillage research, 49. pp. 3-18.
Doran, J. W., 2002. Soil health and global sustainability: translating science into practice.
Agric. Ecos. Environ., 88. pp. 119-127.
Drinkwater, L., Dkletourneau, E., Workneh, F., van Bruggen, A. H. C. and Shennan, C.,
1995. Fundamental differences between conventional and organic tomato agrosystem in
California. Ecol. Appl., 5. pp. 1098–1112.
Drouillon, M. and Merckx, R., 2005. Performance of para-nitrophenyl phosphate and 4-
methylumbelliferyl phoshate as substrate analogues for phosphomonoesterase in soils with
different organic matter content. Soil Biology and Biochemistry, 37. pp. 1527-1534.
Duiker, S. W. and Lal, R., 1999. Crop residue and tillage effects on carbon sequestration in
a Luvisol in central Ohio. Soil and tillage research, 52. pp. 73-81.
Eckelmann, W., 2005. Bodenkundliche Kartieranleitung., Hannover
Edmeades, D. C., 2003. The long-term effects of manures and fertilisers on soil productivity
and quality: a review. Nutr. Cycl. Agroecosyst., 66. pp. 165-180.
Ehlers, W., 1975. Observations on earthworm channels and infiltration on tilled and untilled
soil. Soil Science, 119. pp. 242-249.
Eivazi, F. and Tabatabai, M. A., 1977. Phosphatases in soils. Soil Biology and
Biochemistry, 9. pp. 167-172.
Eivazi, F. and Tabatabai, M. A., 1990. Factors affecting glucosidase and galactosidase
activities in soils. Biology and Biochemistry, 26. pp. 65-73.
Ekenler, M. and Tabatabai, M. A., 2002. ß-glucosaminidase activity of soils: effect of
cropping systems and its relationship to nitrogen mineralization. Biology and Fertility of Soils,
36. pp. 367-376.
Ekenler, M. and Tabatabai, M. A., 2003a. Effects of liming and tilling systems on microbial
biomass and glycosidases in soils. Biology and Fertility of Soils, 39. pp. 51-61.
Ekenler, M. and Tabatabai, M. A., 2003b. Responses of phosphatases and arylsulfatase in
soils to liming and tillage systems. J. Plant Nutr. Soil Sci., 166. pp. 281-290.
Ekenler, M. and Tabatabai, M. A., 2003c. Tillage and residue management effects on ß-
glucosaminidase activity in soils. Soil Biology and Biochemistry, 35. pp. 871-874.
Ekenler, M. and Tabatabai, M. A., 2004. Arylamidase and amidohydrolases in soils as
affected by liming and tillage systems. Soil and Tillage research, 77. pp. 157-168.
References160
Elliott, E. T., 1986. Aggregate structure and carbon, nitrogen, and phosphorus in native and
cultivated soils. Soil Sci. Soc. Am. J., 50. pp. 627–633.
Emerson, W. W., 1967. A classification of soil aggregates based on their coherence in
water. Aust. J. Soil Res., 5. pp. 47-57.
European Union Regulation (EEC). Nr. 2092/91. www.organic.aber.ac.uk/stats.shtml.
Falayi, O. and Bouma, J., 1975. Relationship between conductance of surface crusts and
soil management in a Typic Hapludalf. Soil Sci. Soc. Am. Proc., 39. pp. 957-963.
Fansler, S. J., Smith, J. L., Bolton, H. Jr. and Bailey, V. L., 2005. Distribution of two C
cycle enzymes in soil aggregates of a prairie chronosequence. Biology and Fertility of Soils,
41. pp. 59-68.
FAO/ISRIC/ISSS., 1998. World reference base for soil resources. World Soil Resources
Report 84., FAO, Rome.
Farres, P. J., 1987. The dynamics of rainsplash erosion and the role of soil aggregate
stability. Catena, 14. pp. 119-130.
Fenton, T. E., Brown, J. R. and Mausbach, M. J., 1999. Effects of long-term cropping on
organic matter content of soils: implications for soil quality, in Lal, R., eds., Soil quality and
soil erosion. CRC Press., pp. 95-124.
Fließbach, A., Mäder, P. and. Niggli, U., 2000. Mineralization and microbial assimilation of
14C-labeled straw in soils of organic and conventional agricultural systems. Soil Biology and
Biochemistry, 32. pp. 1131-1139.
Fohrer, N., 1995. Auswirkungen von Bodenfeuchte, Bodenart und Oberflächen-
beschaffenheit auf Prozesse der Flächenerosion durch Wasser. pp.183. Technical
University, Berlin.
Fohrer, N., Berkenhagen, J., Hecker, J.-M. and Rudolph, A., 1999. Changing soil and
surface conditions during rainfall single rainstorm/subsequent rainstorms. Catena, 37. pp.
355-375.
Fox, D.M., Le Bissonnais,  Y. and Bruand,  A., 1998a. The effect of ponding depth on
infiltration in a crusted surface depression. Catena, 32. pp. 87-100.
Fox, D. M., Le Bissonnais, Y. and Quétin, P., 1998b. The implications of spatial variability
in surface seal hydraulic resistance for infiltration in a mound and depression
microtopography. Catena, 32. pp. 101-114.
Frankenberger, W. T. Jr. and Tabatabai, M. A., 1980. Amidase activity in soils: I. Method of
assay. Soil Sci. Soc. Am. J., 44. pp. 282-287.
Frankenberger, W. T. Jr. and Tabatabai, M. A., 1981. Amidase activity in soils: 4. Effects of
trace elements and pesticides. Soil Sci. Soc. Am. J., 45. pp. 1120-1124.
Frankenberger, W. T. Jr. and Dick, W. A., 1983. Relationship between enzyme activities
and microbial growth and activity indices in soil. Soil Sci. Soc. Am. J., 47. pp. 945-951.
References 161
Franzluebbers, A. J., Hons, F. M. and Zuberer, D. A., 1995a. Soil organic carbon,
microbial biomass, and mineralizable carbon and nitrogen in sorghum. Soil Sci. Soc. Am. J.,
59. pp. 460-466.
Franzluebbers, A. J., Zuberer, D. A. and Hons, F. M., 1995b. Comparison of
microbiological methods for evaluating quality and fertility of soil. Biology and Fertility of
Soils, 19. pp. 135-140.
Franzluebbers, A. J., 2002a. Soil organic matter stratification ratio as an indicator of soil
quality. Soil and tillage research, 66. pp. 95-106.
Franzluebbers, A. J., 2002b. Water infiltration and soil structure related to organic matter
and its stratification with depth. Soil and tillage research, 66. pp. 197-205.
Fraser, P. M., Haynes, R. J. and Williams, P. H., 1994. Effects of pasture improvement and
intensive cultivation on microbial biomass, enzyme activities, and composition and size of
earthworm populations. Biology and Fertility of Soils, 17. pp. 185-190.
Friedel, J. K., Munch, J. C and Fischer, W. R., 1996. Soil microbial properties and the
assessment of available soil organic matter in a haplic luvisol after several years of different
cultivation and crop rotation. Soil Biology and Biochemistry, 28. pp. 479-488.
Fugger, W.-D., 1999. Evaluation of Potential Indicators for Soil Quality in Savanna Soils in
Northern Ghana (West Africa). Georg-August-Universität , Göttingen.
Gajri, P. R., Arora, V. K. and Prihar, S. S., 2002. Tillage for sustainable cropping. Food
Products Press, New York.
George, T. S., Gregory, P. J., Wood, M., Read, D. and Buresh, R. J., 2002. Phosphatase
activity and organic acids in the rhizosphere of potential agroforestry species and maize. Soil
Biology and Biochemistry, 34. pp. 1487-1494.
Ghezzehei, T. A. and Or, D., 2000. Dynamics of soil aggregate coales cence governed by
capillary and rheological processes. Water Resources Research, 36. pp. 367–379.
Gicheru, P., Gachene, C., Mbuvi, J. and Mare, E., 2004. Effects of soil management
practices and tillage systems on surface soil water conservation and crust formation on a
sandy loam in semi-arid Kenya. Soil and tillage research, 75. pp. 173-184.
Gil-Sotres, F., Trasar-Cepeda, C., Leiros, M. C. and Seoane, S., 2005. Different
approaches to evaluating soil quality using biochemical properties. Soil Biology and
Biochemistry, 37. pp. 877-887.
Gimenez, D., Dirksen. C.; Miedema. R.; Eppink, Miedema. R.; Eppink, Eppink, L. A. A.
J. and Schoonderbeek, D., 1992. Surface sealing and hydraulic conductances under
varying intensity rains. Soil Sci. Soc. Am. J., 56. pp. 234-242.
Golchin, A., Oades, J. M., Skjemstad, J. O. and Clarke, P., 1994. Soil structure and
carbon cycling. Aust. J. Soil Research, 32. pp. 1043–1068.
References162
Gómez, J. A. and Nearing, M. A., 2005. Runoff and sediment losses from rough and
smooth soil surfaces in a laboratory experiment. Catena, 59. pp. 253-266.f
Graham, M. H. and Haynes, R. J., 2005. Organic matter accumulation and fertilizer-induced
acidification interact to affect soil microbial and enzyme activity on a long-term sugarcane
management experiment. Biology and Fertility of Soils, 41. pp. 249-256.
Green, V. S., Stott, D. E., Cruz, J. C. and Curi, N., 2006. Tillage impacts on soil biological
activity and aggregation in a Brazilian Cerrado Oxisol. Soil and tillage research, in Press.
Gregorich, E. G., Carter, M. R., Angers, D. A., Monreal, C. M. and Ellert, B. H., 1994.
Towards a minimum data set to assess soil organic matter quality in agricultural soils. Can. J.
Soil Sci., 74. pp. 367-385.
Gregorich, E. G., Carter, M. R., Doran, J. W., Pankhurst, C. E. and Dwyer, L. M. , 1997.
Biological attributes of soil quality. In Gregorich, E.G. and Carter, M.R., eds., Soil quality for
crop production and ecosystem health. Elsevier, pp. 81-113.
Grierson, P. F. and Adams, M. A., 2000. Plant species affect acid phosphatase, ergosterol
and microbial P in a jarrah (Eucalyptus marginata Donn ex Sm.) forest in south-western
Australia. Soil Biology and Biochemistry, 32. pp. 1817-1827.
Guggenberger, G., Frey, S. D., Six, J., Paustian, K. and Elliot, E. T., 1999. Bacterial and
fungal cell-wall residues in conventional and no-tillage agroecosystems. Soil Sci. Soc. Am.
J., 63. pp. 1188-1198.
Gupta, V. V. S. R. and Germida, J. J., 1988. Distribution of microbial biomass and its
activity in soil aggregate size classes as affected by cultivation. Soil Biology and
Biochemistry, 20. pp. 777-786.
Guzha, A. C., 2004. Effects of tillage on soil microrelief, surface depression storage and soil
water storage. Soil and tillage research, 76. pp. 105-114.
Haines, P. J. and Uren, N. C., 1990. Effects of conservation tillage farming on soil microbial
biomass, oragnic matter and earthworm populations, in north-eastern Victoria. Aust. J. Exp.
Bot., 30. pp. 365-371.
Hakansson, I., Stenberg, M. and Rydberg, T., 1998. Long-term experiments with different
depths of mouldboard ploughing in Sweden. Soil and tillage research, 46. pp. 209-223.
Halvorson, A. D., Wienhold, B. J. and Black, A. L., 2002. Tillage, nitrogen, and cropping
system effects on soil carbon sequestration. Soil Sci. Soc. Am. J., 66. pp. 906-912.
Hamblin, A., 1991. Sustainable agricultural systems: what are the appropriate measures for
soil structure?. Aust. J. Agric. Res., 29. pp. 709-716.
Harder, W. and Dijkhuizen, L., 1983. Physiological responses to nutrient limitation. Annual
Review of Microbiology, 37. pp. 1-23.
Hardy, N., Shainberg, I., Gal, M. and Keren, R., 1983. The effect of water quality and storm
sequence upon infiltration rate and crust formation. Journal of Soil Science, 34. pp. 665-676.
References 163
Harrison, A. F. and Pearce, T., 1979. Seasonal variation of phosphatase activity in
woodland soils. Soil Biology and Biochemistry, 11. pp. 405-410.
Hart, P. B. S., August, J. A. and West, A. W., 1989. Long-term consequences of topsoil
mining on select biological and physical characteristics of two New Zealand loessial soils
under grazed pasture. Land. Degrad. Rehab., 1. pp. 77-88.
Häussling, M. and Marschner, H., 1989. Organic and inorganic soil phosphatases and acid
phosphatase activity in the rhizosphere of 80-year-old Norway spruce trees. Biology and
Fertility of Soils, 8. pp. 128 - 133.
Havlin, J. L., Kissel, D. E., Maddux, L. D., Claassen, M. M. and Long, J. H., 1990. Crop
rotation and tillage effects on soil organic carbon and nitrogen. Soil Sci. Soc. Am. J., 54. pp.
448-452.
Haynes, R. J, and Swift, R. S., 1985. Effect of liming and air-drying on the adsorption of
phosphate by some acid soils. Journal of Soil Science, 36. pp. 513-521.
Haynes, R. J. and Swift, R. S., 1988. Effects of lime and phosphate additions on changes in
enzyme activities, microbial biomass and levels of extractable nitrogen, sulphur and
phosphorus in an acid soil. Biology and Fertility of Soils, 6. pp. 153-158.
Haynes, R. J and Beare, M. H., 1996. Aggregation and organic matter storage in meso-
thermal, humid soils, in Carter, M.R. and Steward, B.A., eds., Advances in soil science.
Structure and organic matter storage in agricultural soils. CRC Press., pp. 213-262.
Haynes, R. J., 1999. Size and activity of the soil microbial biomass under grass and arable
management. Biology and Fertility of Soils, 30. pp. 210-216.
Hendrix, P. F., Franzluebbers, A. J. and McCracken, D. V., 1998. Management effects on
C accumulation and loss in soils of the southern Appalachian Piedmont of Georgia. Soil and
tillage research, 47. pp. 245-251.
Herrick, J. E., Whitford, W. G., de Soyza, A. G., Van Zee, J. W., Havstad, K. M., Seybold,
C. A. and Walton, M., 2001. Field soil aggregate stability kit for soil quality and rangeland
health evaluations. Catena, 44. pp. 27-35.
Hoffmann, S., Schulz, E., Csitári, G. and Bankó, L., 2006. Influence of mineral and organic
fertilizers on soil organic carbon pools. Archives of Agronomy and Soil Science, 52. pp. 627-
635.
Insam, H., Parkinson, D. and Domsch, K. H., 1989.  Influence of macroclimate on soil
microbial biomass. Soil Sci. Soc. Am. J, 21. pp. 211-212.
Insam, H., Mitchell, C. C. and Dormaar, J. F., 1991. Relationship of soil microbial biomass
and activity with fertilization practice and crop yield of three Ultisols. Soil Biology and
Biochemistry, 23 (5). pp. 459-464.
References164
Inubushi, K., Brookes, P. C. and Jenkinson, D. S., 1991. Soil microbial biomass C, N and
ninhydrin-N in aerobic and anaerobic soils measured by the fumigation-extraction method.
Soil Biology and Biochemistry, 23. pp. 737-741.
IPS Modelle, 2006. Agrarwetter für Schleswig-Hostein. http://www.ips-modelle.de/.
Jastrow, J. D., Boutton, T. W. and Miller, R. M., 1996. Carbon dynamics of aggregate-
associated organic matter estimated by carbon-13 natural abundance. Soil Sci. Soc. Am. J.,
60. pp. 801-807.
Jenkinson, D. S. and Powlson, D. S., 1976. The effects of biocidal treatments on
metabolism in soil - A method for measuring soil biomass. Soil Biology and Biochemistry, 8.
pp. 209-213.
Jenkinson, D. S. and Ladd, J. N., 1981. Microbial biomass in soil: measurement and
turnover, in Paul, E.A. and Ladd J. M., eds., Soil biochemistry. Marcel Dekker, Inc., pp. 415-
471.
Jordan, D., Kremer, R. J., Bergfield, W. A., Kim, K. Y. and Cacnio, V. N., 1995.
Evaluation of microbial methods as potential indicators of soil quality in historical agricultural
fields. Biology and Fertility of Soils, 19. pp. 297-302.
Joergensen, R. G., 1995. Die quantitative Bestimmung der mikrobiellen Biomasse in Böden
mit der Chloroform-Fumigations-Extraktions-Methode, in  Meyer B. (ed), eds., Göttinger
Bodenkundliche Berichte, pp. 1-229.
Juma, N. G. and Tabatabai, M. A., 1978. Distribution of phosphomonoesterases in soils.
Soil Science, 126. pp. 101-108.
Juma, N. G. and Tabatabai, M. A., 1988. Phosphatase activity in corn and soybean roots:
Conditions for assay and effects of metals. Plant and Soil, 107. pp. 39-47.
Kahle, P., Baum, C. and Borchwardt, M., 2004. Auswirkungen mehrjähriger ökologischer
Bewirtschaftung auf ausgewählte Bodeneigenschaften, dargestellt am Beispiel des
Versuchsfeldes Gülzow. Mitteilungen der Landesforschungsanstalt für Landwirtschaft und
Fischerei Mecklenburg-Vorpommern, 33. pp. 15 - 20.
Kaiser, E.-A., Martens, R. and Heinemeyer, O., 1995. Temporal changes in soil microbial
biomass carbon in an arable soil: consequences for soil sampling. Plant and Soil, 170. pp.
287-295.
Kandeler, E., Kampichler, C. and Horak, O., 1996. Influence of heavy metals on the
functional diversity of soil microbial communities. Biology and Fertility of Soils, 23. pp. 299-
306.
Karlen, D. L., Wollenhaupt, N. C., Erbach, D. C., Bery, E. C., Swan, J. B., Eash, N. S. and
Jordahl, J. L., 1994. Long-term tillage effects on soil quality. Soil and tillage research, 32.
pp. 313-327.
References 165
Karlen, D. L., Mausbach, M. J., Doran, J. W., Cline, R. G., Harris, R. F. and Schuman, G.
E., 1997. Soil quality: Concept, definition, and framework for evaluation. Soil Sci. Soc. Am.
J., 16. pp. 4-10.
Kay, B. D., 1990. Rates of change of soil structure under different cropping systems.
Advances in Soil Science, 12. pp. 1-52.
Kay, B. D. and Angers, D. A., 1999. Soil structure, in Sumner, M.E., eds., Handbook of Soil
Science. CRC Press., pp. 229-269.
Kennedy, A. C., 1999. Microbial diversity in agroecosystem quality, in Collins, W.W. and
Qualset, C.O., eds., Biodiversity in agroecosystem. CRC Press, pp. 1-17.
Kirchner, M. J., Wollum, A. G. and King, L. D., 1993. Soil microbial populations and
activities in reduced chemical input agroecosystems. Soil Sci. Soc. Am. J., 57. pp. 1289-
1295.
Kiss, S., Drágan-Bularda, M. and Rádulescu, D., 1975. Biological significance of enzymes
accumulated in soil. Adv. Agron., 27. pp. 25-87.
Kladivko, E. J., Akhouri, N. M. and Weesies, G., 1997. Earthworm populations and species
distributions under no-till and conventional tillage in Indiana and Illinois. Soil Biology and
Biochemistry, 29. pp. 613-615.
Klose, S. and Tabatabai, M. A., 1999. Arylsulfatase activity of microbial biomass in soils.
Soil Sci. Soc. Am. J., 63. pp. 569-574.
Klose, S., Moore, J. M. and Tabatabai, M. A., 1999. Arylsulfatase activity of microbial
biomass in soils as affected by cropping systems. Biology and Fertility of Soils, 29. pp. 46-54.
Klose, S. and Tabatabai, M. A., 2000. Urease activity of microbial biomass in soils as
affected by cropping systems. Biology and Fertility of Soils, 31. pp. 191-199.
Klose, S. and Tabatabai, M. A., 2002a. Response of glycosidases in soils to chloroform
fumigation. Biology and Fertility of Soils, 35. pp. 262-269.
Klose, S. and Tabatabai, M. A., 2002b. Response of phosphomonoesterase in soils to
chloroform fumigation. J. Plant Nutr. Soil Sci., 165. pp. 429-434.
Klose, S., Wernecke, K. D. and Makeschin, F., 2003. Microbial biomass and enzyme
activities in coniferous forest soils as affected by lignite-derived deposition. Biology and
Fertility of Soils, 38. pp. 32-44.
Knight, T. R. and Dick, R. D., 2004. Differentiating microbial and stabilized ß-glucosidase
activity relative to soil quality. Soil Biology and Biochemistry, 36. pp. 2089-2096.
Koch, A. L., 1985. The macroeconomics of bacterial growth, in Fletcher, M. and Floodgate,
G.D., eds., Bacteria in their natural environments. Academic Press.
König, W., Sunkel, R., Necker, U., Wolff-Straub, R., Ingrisch, S., Wasner, U. and
Glück, E., 1989. Alternativer und konventioneller Landbau - Vergleichsuntersuchungen von
Ackerflächen auf Lößstandorten im Rheinland. Schriftenreihe der LÖLF, 11.
References166
Koroljova-Skorobogatko, O. V., Stepanova, E. V., Gavrilova, V. P., Morozova, O. V.,
Lubimova, N. V., Dzchafarova, A. N., Jaropolov, A. I. and Makower, A., 1998. Purification
and characterization of the constitutive form of laccase from the basidiomycete Coriolus
hirsutus and effect of inducers on laccase synthesis. Biotechnology and Applied
Biochemistry, 28. pp. 47-54.
Körschens, M., 2004. Soil organic matter and environmental protection. Archives of
Agronomy and Soil Science, 50. pp. 3-9.
Kramer, S. and Green, D. M., 2000. Acid and alkaline phosphatase dynamics and their
relationship to soil microclimate in a semiarid woodland. Soil Biology and Biochemistry, 32.
pp. 179-188.
Liedtke, H. and J. Marcinek, 2002. Physische Geographie Deutschlands. Klett
Kwaad, F. J. P. M. and Mücher, H. J., 1994. Degradation of soil structure by welding - a
micromorphological study. Catena, 23. pp. 253-268.
Ladd, J. N. and Butler, J. H. A., 1972. Short-term assays of soil proteolytic enzymes using
proteins and dipeptide derivatives as substrates. Soil Biology and Biochemistry, 15. pp. 251–
256.
Ladd, J. N., Foster, R. C. and Skjemstad, J. O., 1993. Soil structure: carbon and nitrogen
metabolism. Geoderma, 56. pp. 401–434.
Ladd, J. N., Amato, M., Li-Kai, Z. and Schultz, J. E., 1994. Differential effects of rotation,
plant residue and nitrogen fertilizer on microbial biomass and organic matter in an Australian
alfisol. Soil Biology and Biochemistry, 26. pp. 821-831.
Ladd, J. N., Foster, R. C., Nannipieri, P. and Oades, J. M., 1996. Soil structure and
biological activity, in Stotzky, G. and Bollag, J.M., eds., Soil biochemistry. Marcel Dekker, Inc.
pp. 23-78.
Lado, M., Ben-Hur, M. and Shainberg, I., 2004. Soil wetting and texture effects on
aggregate stability, seal formation, and erosion. Soil Sci. Soc. Am. J., 68. pp. 1992-1999.
Lal, R., 1985. A soil suitability guide for different tillage systems in the tropics. Soil and tillage
research, 5. pp. 179-196.
Lal, R., 1990. Soil erosion and land degradation: The global risks, in Lal, R. and Stewart,
B.A., eds., Soil Degradation. Springer-Verlag., pp. 130-171.
Lal, R., 1991a. Soil conservation and biodiversity. In: The biodiversity of microorganisms and
invertibrates: Its role in sustainable agriculture. ed. D. L. Hawksworth Redwood press,
Melshampp. 89-104.
Lal, R., 1991b. Tillage and agricultural sustainability. Soil and tillage research, 20. pp. 133-
146.
Lal, R., Mahboubi, A. A. and Fausey, N. R., 1994. Long-term tillage and rotation effects on
properties of a central Ohio soil. Soil Sci. Soc. Am. J., 58. pp. 517-522.
References 167
Lal, R., 1997. Residue management, conservation tillage and soil restoration for mitigating
greenhouse effect by CO2-enrichment. Soil and tillage research, 43. pp. 81-107.
Lal, R., Kimble, J. M., Follett, R. F. and Cole, C. V., 1998. Potential of US cropland to
sequester carbon and mitigate the greenhouse effect. Ann Arbor Press, Chelsea, MI.
Landgraf, D. and Klose, S., 2002. Mobile and readily available C and N fractions and their
relationship to microbial biomass and selected enzyme activities in a sandy soil under
different management systems. J. Plant Nutr. Soil Sci., 165. pp. 0-16.
Langmaack, M., 1999. Earthworm communities in arable land influenced by tillage,
compaction, and soil. Z. Ökol. Natursch., 8. pp. 11-21.
Larson, W. E. and Pierce, F. J., 1991. Conservation and enhancement of soil quality.
Bangkok, Thailand, pp.175-203.
Le Bissonnais, Y., Bruand, A. and Jamagne, M., 1989. Laboratory experimental study of
soil crusting: relation between aggregate breakdown and crust structure. Catena, 16. pp.
377-392.
Le Bissonnais, Y., 1996. Aggregate stability and assessment of soil crustability and
erodibility: I. Theory and methodology. European Journal of Soil Science, 47. pp. 425-437.
Le Bissonnais, Y. and Arrouays, D., 1997. Aggregate stability and assessment of soil
crustability and erodibility: II. Application to humic loamy soils with various organic carbon
contents. European Journal of Soil Science, 48. pp. 39-48.
Le Bissonnais, Y., Benkhadra, H., Chaplot, V., Fox, D., King, D. and Daroussin, J.,
1998a. Crusting, runoff and sheet erosion on silty loamy soils at various scales and upscaling
from m² to small catchments. Soil and tillage research, 46. pp. 69-80.
Le Bissonnais, Y., Fox, D. and Bresson, L. M., 1998b. Incorporation crusting processes in
erosion models, in Boardman, J. and Favis-Martlock, D.T., eds., Modelling soil erosion by
water. Springer., pp. 237-246.
Le Bissonnais, Y., Daroussin, J., Jamagne, M.,. Lambert, J.- J, Le Bas, C., King, D.,
Cerdan, O., Léonard, J., Bresson, L.-M. and Jones, R. J. A., 2005. Pan-European soil
crusting and erodibility assessment from the European soil geographical database using
pedotransfer rules. Advances in Environmental Monitoring and Modelling, 12. pp. 1-15.
Lecomte, V., Barriuso, E., Bresson, L.-M., Koch, C. and Le Bissonnais, Y., 2001. Soil
surface structure effect on isoproturon and diflufenican loss in runoff. J.Environ. Qual., 30.
pp. 2113-2119.
Levy, G. J. and Mamedov, A. I., 2002. High-energy-moisture-characteristic aggregate
stability as a predictor for seal formation. Soil Sci. Soc. Am. J., 66. pp. 1603-1609.
Lindstrom, M. J. and Onstad, C. A., 1984. Influence of tillage systems on soil physical
parameters and infiltration after planting. J. Soil Water Conserv., 39. pp. 149-152.
References168
Little, J. L., Bennett, D. R. and Miller, J. J., 2005. Nutrient and sediment losses under
simulated rainfall following manure incorporation by different methods. J. Environ. Qual., 34.
pp. 1883-1895.
Loch, R. J. and Foley, J. L., 1994. Measurement of aggregate breakdown under rain:
comparison with tests of water stability and relationships with field measurements of
infiltration. Aust. J. Soil Research, 32. pp. 701-720.
Lupwayi, N. Z., Rice, W. A. and Clayton, G. W., 1998. Soil microbial diversity and
community structure under wheat as influenced by tillage and crop rotation. Soil Biology and
Biochemistry, 30. pp. 1733-1741.
Lynch, J. M. and Panting, L. M., 1980. Variations in the size of the soil biomass. Soil
Biology and Biochemistry, 12. pp. 547-550.
Lynch, J. M. and Bragg, E., 1985. Microorganisms and soil aggregate stability, Advances in
soil science. Springer., pp. 133-171.
Mäder, P., Pfiffner, L., Niggli, U., Balzer, U., Balzer, F., Plochberger, K., Velimirov, A.
and Besson, J.-M., 1993. Effect of three farming systems (biodynamic, bio-organic,
conventional) on yield and quality of beetroot (Beta vulgaris L. var. esculenta L.) in a seven
year crop rotation. Acta Horticulturae, 339. pp. 11-31.
Mäder, P., Fließbach, A., Dubois, D., Gunst, L., Friedel, P. and Niggli, U., 2002a.
Bodenfruchtbarkeit  und biologische Vielfalt im ökologischen Landbau. Ökologie und
Landbau, 124. pp. 12-16.
Mäder, P., Fließbach, A., Dubois, D., Gunst, L., Friedel, P. and Niggli, U., 2002b. Soil
fertility and biodiversity in organic farming. Science, 296. pp. 1694-1697.
Mannering, J. V. and Fenster, C. R., 1983. What is conservation tillage? J. Soil Water
Conserv., 38. pp. 140–143.
Martens, D. A. and Frankenberger Jr., W. T., 1992. Modification of infiltration rates in an
organic-amended irrigated soil. Agron. J., 84. pp. 707-717.
Martens, D. A., Johanson, J. B. and Frankenberger Jr., W. T., 1992. Production and
persistence of soil enzymes with repeated addition of organic residues. Soil Science, 153.
pp. 53-61.
Marx, M. C., Wood, M. and Jarvis, S. C., 2001. A microplate fluorimetric assay for the study
of enzyme diversity in soils. Soil Biology and Biochemistry, 33. pp. 1633-1640.
Marx, M. C., Kandeler, E., Wood, M., Wermbter, N. and Jarvis, S. C., 2005. Exploring the
enzymatic landscape: distribution and kinetics of hydrolytic enzymes in soil particle-size
fractions. Soil Biology and Biochemistry, 37. pp. 35-48.
Marzahn, P., Krüger, K. and Ludwig, R., 2007. Derivation of soil surface roughness
dynamics from multi-temporal and multi-parametric airborne SAR-data., Wien, accepted.
References 169
McAndrew, D. W. and Malhi, S. S., 1992. Long-term N fertilization of a solonetzic soil:
effects on chemical and biological properties. Soil Biology and Biochemistry, 24. pp. 619-
623.
McClaugherty, C. A. and Linkins, A. E., 1990. Temperature responses of enzymes in two
forest soils. Soil Biology and Biochemistry, 22. pp. 29-33.
McIntyre, D. S., 1958a. Permeability measurements of soil crust formed by raindrop impact.
Soil Science, 85. pp. 158-189.
McIntyre, D. S., 1958b. Soil splash and the formation of surface crusts by raindrop impact.
Soil Science, 85. pp. 261-266.
McLaren, A. D., 1975. Soil as a system of humus and clay immobilized enzymes. Chem.
Scr., 8. pp. 97-99.
McLaughlin, A. and Mineau, P., 1995. The impact of agricultural practices on biodiversity.
Agriculture, Ecosystems and Environment, 55. pp. 201-212.
Melero, S., Porras, J. C. P., Herencia, J. F. and Madejon, E., 2006. Chemical and
biochemical properties in a silty loam soil under conventional and organic management. Soil
and tillage research, 90. pp. 162-170.
Mendes, I. C., Bandick, A. K., Dick, R. P. and Bottomley, P. J., 1999. Microbial biomass
and activities in soil aggregates affected by winter cover crops. Soil Sci. Soc. Am. J., 63.
pp. 873-881.
Meynen, E. and Schmithüsen, J., 1962. Handbuch der naturräumlichen Gliederung
Deutschlands. Bundesanstalt für Landeskunde, Bad Godesberg, pp. 1339
Michaelis, L. and Menten, M., 1913. Die Kinetik der Invertinwirkung. Biochem. Z., 49.
pp. 333-369.
Miller, M. and Dick, R. P., 1995a. Dynamics of soil C and microbial biomass in whole soil
and aggregates in two cropping systems. Applied Soil Ecology, 2. pp. 253-261.
Miller, M. and Dick, R. P., 1995b. Thermal stability and activities of soil enzymes as
influenced by crop rotations. Soil Biology and Biochemistry, 27. pp. 1161-1166.
Moldenhauer, W. C. and Kemper, W. D., 1969. Interdependence of water drop energy and
clod size on infiltration and clod stability. Soil Sci. Soc. Am. J., 33. pp. 297-301.
Moore, J. M., Klose, S. and Tabatabai, M. A., 2000. Soil microbial biomass carbon an
nitrogen as affected by cropping systems. Biology and Fertility of Soils, 31. pp. 200-210.
Moreno, F., Murillo, J. M., Pelegrín, F.  and Girón, I. F., 2006. Long-term impact of
conservation tillage on stratification ratio of soil organic carbon and loss of total and active
CaCO3. Soil and tillage research, 85. pp. 86-93.
Morin, J., Benyamini, Y. and Michaeli, A., 1981. The effect of raindrop impact on the
dynamics of soil surface crusting and water movement in the profile. J. Hydrol. (Amsterdam),
53. pp. 321-335.
References170
Motta, A. C. V., Reeves, D. W. and Touchton, J. T., 2002. Tillage intensity effects on
chemical indicators of soil quality in two coastal plain soils. Commun. Soil Sci. Plant Anal.,
33. pp. 913–932.
Mualem, Y., Assouline, S. and Rohdenburg, H., 1990. Rainfall induced soil seal. Part A. A
critical review of observations and models. Catena, 17. pp. 185-203.
Nannipieri, P., Ceccanti, B. and Bianchi, D., 1988. Characterization of humus-
phosphatase complexes extracted from soil. Soil Biology and Biochemistry, 20. pp. 683-691.
Nannipieri, P., Sastre, I., Landi, L., Lobo, M. C. and Pietramellara, G., 1996.
Determination of extracellular neutral phosphomonoesterase  activity in soil. Soil Biology and
Biochemistry, 28. pp. 107-112.
Nannipieri, P., Kandeler, E. and Ruggiero, P., 2002. Enzyme activities and microbiological
and biochemical processes in soil, in Burns, R. and Dick, R., eds., Enzymes in the
environment: Activity, ecology and applications. Marcel Dekker, Inc. pp. 1-33.
NC-IUBMB., 2006. Nomenclature committee of the international union of biochemistry and
molecular biology.
Ndiaye, E. L., Sandeno, J. M., McGrath, D. and Dick, R. P., 2000. Integrative biological
indicators for detecting change in soil quality. American Journal of Alternative Agriculture, 15.
pp. 26-36.
Nelson, D. L., Cox, M. M. and Lehninger, A. L., 2005. Principles of Biochemistry. Freeman,
New York.
Neumann, H., Loges, R. and Taube, F., 2004. Development of a no-till cereal cropping
system for organic agriculture: winter wheat-white clover “bicropping”  Development of a no-
till cereal cropping system for organic agriculture: winter wheat-white clover “bicropping”.
Landwirtschaft ohne Pflug, 5. pp. 20-23.
Niebes, D., Schobel, S., Schneider, R. and Schröder, D., 2001. Sprinkling experiments to
characterize the influence of land coverage, land use and different soil types on runoff
generation. Geophys. Res. Abstracts, pp. 3.
Niewczas, J. and Witkowska-Walczak, B., 2003. Index of soil aggregates stability as linear
function value of transition matrix elements. Soil and tillage research, 70. pp. 121-130.
Norton, L. D., 1987. Micromorphological study of surface seals developed under simulated
rainfall. Geoderma, 40. pp. 127-140.
Oades, J. M., 1984. Soil organic matter and structural stability: mechanisms and implications
for management. Plant and Soil, 76. pp. 319-337.
Oades, J. M., 1988. The retention of organic matter in soils. Biogeochemistry, 5. pp. 35-80.
Olander, L. P. and Vitousek, P. M., 2000. Regulation of soil phosphatase and chitinase
activity by N and P availability. Biogeochemistry, 49. pp. 175-190.
References 171
Omay, A. B., Rice, C. W., Maddux, L. D. and Gordon, W. B., 1997. Changes in soil
microbial and chemical properties under long-term crop rotation and fertilization. Soil Sci.
Soc. Am. J., 61. pp. 1672-1678.
Pagliai, M., Vignozzi, N. and Pellegrini, S., 2004. Soil structure and the effect of
management practices. Soil and tillage research, 79. pp. 131-143.
Panabokke, C. R. and Quirk, J. P., 1957. Effect of initial water content on stability of soil
aggregates in water. Soil Science, 83. pp. 185-195.
Pang, X. P. and Letey, J., 2000. Organic farming: challenge of timing nitrogen availability to
crop nitrogen requirements. Soil Sci. Soc. Am. J., 64. pp. 274-253.
Pankhurst, C. E., Hawke, B. G., McDonald, H. J., Kirkby, C. A., Buckerfield, J. C.,
Michelsen, P. A., O’Brian, K. A., Gupta, V. V. S. R. and Doube, B. M., 1995. Evaluation of
soil biological properties as potential bioindicators as soil health. Aust. J. Exp. Agric., 35. pp.
1015-1028.
Paul, E. A. and Clark, F. E., 1989. Soil as a habitat for organisms and their reactions, in
Harcourt; Brace; Jovancovich, eds., Soil microbiology and biochemistry. Academic Press.,
pp. 11-31.
Paustian, K., Collins, H. P. and Paul, E. A., 1997. Management controls in soil carbon. In
Paul, E.A., Paustian, K., Elliot, E.T. and Cole, C.V., eds., Soil organic matter in temperate
agroecosystems: Long term experiments in North America. CRC Press. pp. 15-49.
Peixoto, R. S., Coutinho, H. L. C., Madari, B., Machado, P. L. O. A., Rumjanek, N. G.,
Van Elsas, J. D., Seldin, L. and Rosado, A. S., 2006. Soil aggregation and bacterial
community structure as affected by tillage and cover cropping in the Brazilian Cerrados. Soil
and tillage research, 90. pp. 16-28.
Petersen, S. O., Debosz, K., Schønning, P., Christensen, B. T. and Elmholt, S., 1997.
Phospholid fatty acid profiles and C availability in wet-stable macro-aggregates from
conventionally and organically farmed soils. Geoderma, 78. pp. 181-196.
Piccolo, A., Spaccini, R., Haberbauer, G. and Gerzabek, M. H., 1999. Increased
sequestration of organic carbon by hydrophobic protection. Naturwissenschaften, 86. pp.
496-499.
Pinheiro, E. F. M., Pereira, M. G. and Anjos, L. H. C., 2004. Aggregate distribution and soil
organic matter under different tillage systems for vegetable crops in a Red Latosol from
Brazil. Soil and tillage research, 77. pp. 79-84.
Pinton, R., Varanini, Z. and Nannipieri, P., 2001. The rizosphere, biochemistry and organic
substrates at the soil-plant interface. Marcel Dekker, Inc., New York.
Potter, K. N., Tolbert, H. A., Jones, O. R., Matocha, J. E., Morrison, J. E. and
Unger, P. W., 1998. Distribution and amount of soil organic C in long-term management
systems in Texas. Soil and tillage research, 47. pp. 309-321.
References172
Powlson, D. S, Brookes, P. and Christensen, B. T., 1987. Measurement of soil microbial
biomass provides an early indication of changes in total soil organic matter due to straw
incorporation. Soil Biology and Biochemistry, 19. pp. 59-164.
Powlson, D. S., 1994. The soil microbial biomass: before, beyond and back, in Ritz, K.,
Dighton, J. and Giller, K.E., eds., Beyond the biomass. British Society of Soil Science
(BSSS), Wiley Sayce., pp. 3-20.
Proffitt, A. P. B., Rose, C. W. and Lovell, C. J., 1993. Settling velocity characteristics of
sediment detached from a soil surface by raindrop impact. Catena, 20. pp. 27-40.
Rao, M. A., Gianfreda, L., Palmiero, F. and Violante, A., 1996. Interactions of acid
phosphatase with clays, organic molecules and organo-mineral complexes. Soil Science,
161. pp. 751–760.
Rasmussen, P. E. and Collins, H. P., 1991. Long-term impacts of tillage, fertilizer, and crop
residue on soil organic matter in temperate semiarid regions. Adv. Agron., 45. pp. 93-134.
Reichert, J. M. and Norton, L. D., 1994. Aggregate stability and rain impacted sheet erosion
of air-dried and prewetted clay surface soils under intense rain. Soil Science, 158. pp. 159–
169.
Reicosky, D. C., Kemper, W. D., Langdale, G. W., Douglas, C. L. and Rasmussen, P. E.,
1995. Soil organic matter changes resulting from tillage and biomass production. J. Soil
Water Conserv., 50. pp. 253-261.
Renella, G., Egamberdiyeva, D., Landi, L., Mench, M. and Nannipieri, P., 2006. Microbial
activity and hydrolase activities during decomposition of root exudates released by an
artificial root surface in Cd-contaminated soils. Soil Biology and Biochemistry, 38. pp. 702-
708.
Richter, F. H., 2005. Vergesellschaftung und Eigenschaften von Böden unterschiedlicher
geomorpher Einheiten einer Jungmoränenlandschaft des Ostholsteinischen Hügellandes.
pp.132.Universität Kiel, Kiel.
Robinson, C. A., Cruse, R. M. and Kohler, K. A., 1994. Soil management. In Hatfield, J.L.
and Karlen, D.L., eds., Sustainable agriculture systems. Lewis Publ., pp. 109-134.
Rogasik, J., Schroetter, S., Funder, U., Schnug, E. and Kurtinecz, P., 2004. Long-term
fertilizer experiments as a data base for calculating the carbon sink potential of arable soils.
Archives of Agronomy and Soil Science, 50. pp. 11-19.
Ross, D. J., 1989. Estimation of soil microbial C by a fumigation-extraction procedure:
influence of soil moisture content. Soil Biology and Biochemistry, 21. pp. 767-772.
Roth, C. H., Vieira, M. J., Derpsch, R., Meyer, B. and Frede, H. G., 1987. Infiltrability of an
Oxisol in Parana, Brazil, as influenced by different crop rotations. J. Agron. Crop Sci., 159.
pp. 186-191.
References 173
Rowell, D. L., 1988. Soil acidity and alkalinity, in Wild, A., eds., Russell’s soil conditions and
plant growth. Longman. Harlow, pp. 844-898.
Salinas-Garcia, J. R., Hons, F. M., Matocha, J. E. and Zuberer, D. A., 1997. Soil carbon
and nitrogen dynamics as affected by long-term tillage and nitrogen fertilization. Biology and
Fertility of Soils, 25. pp. 182-188.
Sarah, P., 2006. Soil organic matter and land degradation in semi-arid area, Israel. Catena,
67. pp. 50-55.
SAS Institute, 2002. SAS Version 9.1 for Windows. SAS Inst., Cary, NC, USA.
Schachtschabel, P., Blume, H.-P., Brümmer, G., Hartge, K. H. and Schwertmann, U.,
2002. Lehrbuch der Bodenkunde. Spektrum Akademischer Verlag, Stuttgart.
Scharnweber, W., 2006. Dänischer Wohld. Edition Temmen, Bremen.
Schimel, J. P. and Weintraub, M. N., 2003. The implications of exoenzyme activity on
microbial carbon and nitrogen limitation in soil: a theoretical model. Soil Biology and
Biochemistry, 35. pp. 549–563.
Schinner, F., Öhlinger, R., Kandeler, E. and Margesin (Hrsg), R., 1996. Methods in soil
biology. Springer, Heidelberg.
Schinner, F. and Sonnenleitner, R., 1996a. Bodenökologie: Mikrobiologie und
Bodenenzymatik; Bodenbewirtschaftung, Düngung und Rekultivierung. Springer, Berlin.
Schinner, F. and Sonnenleitner, R., 1996b. Bodenökologie: Mikrobiologie und
Bodenenzymatik; Grundlagen, Klima, Vegetation und Bodentyp. Springer, Berlin.
Schmidt, G. and Laskowski, M. S. R., 1961. Phosphate ester cleavage (a survey), in
Boyer, P.D., Lardy, H. and Myrback, K., eds., The enzymes. Academic Press, pp. 3-35.
Schmidt, L. and Merbach, W., 2004. Reaktion des Boden-C und N-Gehaltes auf Düngung -
Ergebnisse von Dauerversuchen in Halle/S., Deutschland. Archives of Agronomy and Soil
Science, 50. pp. 49-57.
Schneider, R., Schobel, S., Schulte-Karring, H. and Schröder, D., 1999.
Beregnungsversuche zur Abschätzung des Hochwasser-Minderungspotentials
tiefgelockerter Mittelgebirgsböden im Vergleich zu ungelockerten Böden. Mitt. Dtsch. Bdk.
Ges., 291. pp. 1331-1334.
Schneider, K., Turrion, M.-B., Grierson, P. F. and Gallardo, J. F., 2001. Phosphatase
activity, microbial phosphorus, and fine root growth in forest soils in the Sierra de Gata,
western central Spain. Biology and Fertility of Soils, 34. pp. 151-155.
Schutter, M. E and Dick, R. P., 2002. Microbial community profiles and activities among
aggregates of winter fallow and cover-cropped soil. Soil Sci. Soc. Am. J., 66. pp. 142-153.
Schwarz, H., 2005. Aggregateigenschaften und biologische Aktivität in ausgewählten
brasilianischen und deutschen Böden bei unterschiedlicher Bewirtschaftungsweise.
Christian-Albrechts Universität, Kiel.
References174
Scow, K. M., Somasco, O., Gunapala, N., Lau, S., Benette, R., Ferris, H., Miller, R. and
Shennan, C., 1994. Transition from conventional to low-input agriculture changes soil fertility
and biology. Calif. Agric., 48 (5). pp. 20-26.
Seeger, M., 2006. Uncertainty of factors determining runoff and erosion processes as
quantified by rainfall simulations. Catena, Article in Press.
Sehy, U., Priess, J., Raubuch, M., Wermbter, N. and Dyckmans, J., 2000. Vergleich von
Methoden zur Bestimmung der mikrobiellen Biomasse am Beispiel von Wald und
Ackerböden unterschiedlicher Vorgeschichte. Mitt. Dtsch. Bdk. Ges., 91 (2). pp. 716-719.
Seybold, C. A., Mausbach, M. J., Karlen, D. L. and Rogers, H. H. , 1998. Quantification of
soil quality, in Lal, R., Kimble, J.M., Follett, R.F. and Stewart, B.A., eds., Soil Processes and
the Carbon Cycle. CRC Press pp. 387-404.
Shipitalo, M. J., Dick, W. A. and Edwards, W. M., 2000. Conservation tillage and
macropore factors that affect water movement and the fate of chemicals. Soil and tillage
research, 53. pp. 167-183.
Sinsabaugh, R. L., Antibus, R. K., Linkins, A. E., Rayburn, L., Repert, D. and Weiland,
T., 1992a. Wood decomposition in a first order watershed: mass loss as a function of
exoenzyme activity. Soil Biology and Biochemistry, 24. pp. 743-749.
Sinsabaugh, R. L., Antibus, R. K., Linkins, A. E., McClaugherty, C. A., Rayburn, L.,
Repert, D. and Weiland, T., 1992b. Wood decomposting: nitrogen and phoshorus dynamics
in relation to extracellular enzyme activity. Ecology, 74. pp. 1586-1593.
Sinsabaugh, R. L. and Moorehead, D. L., 1994. Resource allocation to extracellular
enzyme production: a model for nitrogen and phosphorus control of litter decomposition. Soil
Biology and Biochemistry, 26. pp. 1305-1311.
Six, J., Elliott, E. T. and Paustian, K., 1999. Aggregate and SOM dynamics under
conventional and no-tillage systems. Soil Sci. Soc. Am. J., 63. pp. 1350-1358.
Six, J., Elliott, E. T. and Paustian, K., 2000. Soil macroaggregate turnover and
microaggregate formation: a mechanism for C sequestration under no-tillage agriculture. Soil
Biology and Biochemistry, 32. pp. 2013-2099.
Skidmore, E. L. and Layton, J. B., 1992. Dry soil aggregate stability as influenced by
selected soil properties. Soil Sci. Soc. Am. J., 56. pp. 557-561.
Skjemstad, J. O., Janik, L. J. and Taylor, J. A., 1998. Non-living soil organic matter: what
do we know about it? Aust. J. Exp. Agric., 38. pp. 667-680.
Skujins, J., 1976. Extracellular enzymes in soil. CRC Crit. Rev. Microbiol., 4. pp. 383-421. in
Dick, W. A. and Tabatabai, M. A., Significance and potential uses of soil enzymes. In F. B.
Metting Jr. (ed): Soil Microbial Ecology. Marcel Dekker, Inc., New York.
Slattery, M. C. and Bryan, R. B., 1994. Surface seal development under simulated rainfall
on an actively eroding surface. Catena, 22. pp. 17-34.
References 175
Smith, D. R., Warnemuende, E. A., Huang, C. and Heathman, G. C., 2006. How does the
first year tilling a long-term no-tillage field impact soluble nutrient losses in runoff? Soil and
tillage research, Article in Press.
Sojka, R. E. and Upchurch, D. R., 1999. Reservations regarding the soil quality concept.
Soil Sci. Soc. Am. J., 63. pp. 1039-1054.
Sollins, P., Homan, P. and Caldwell, B. A., 1993. Stabilization and destabilization of soil
organic matter: mechanisms and controls. Geoderma, 74. pp. 65-105.
Sparling, G. P. and West, A. W., 1988. A direct extraction method to estimate soil microbial
C: calibration in situ using microbial respiration and 14C labelled soils. Biology and
Biochemistry, 20. pp. 337-343.
Sparling, G. P., Felthan, C. W., Reynolds, J., West, A. W. and Singleton, P., 1990.
Estimation of soil microbial C by fumigation-extraction method: use on soils of high organic
matter content and reassessment of k EC- factor. Soil Biology and Biochemistry, 22. pp. 301-
307.
Sparling, G. P., 1992. Ratio of microbial carbon to soil organic carbon as a sensitive
indicator of changes in soil organic matter. Aust. J. Soil Res., 30. pp. 195-207.
Sparling, G. P., 1997. Soil microbial biomass, activity and nutrient cycling as indicators of
soil health, in Pankhurst, C.E., Doube, B.M. and Gupta, V.V.S.R., eds., Biological indicators
of soil health. CAB, pp. 97-119.
Stolze, M., Piorr, A., Häring, A. and Dabbert, S., 2000. The environmental impacts of
organic farming in Europe., Stuttgart-Hohenheim.
Stott, D. E., Kennedy, A. C. and Cambardella, C. A., 1999. Impact of soil organisms and
organic matter on soil structure. In Lal, R., eds., Soil quality and soil erosion. CRC Press und
Soil and Water Conservation Society, pp. 57-73.
Stott, D. E. and Green, V. S., 2002. Soil biochemical and structural characteristics in native
and tilled Brazilian Cerrado soils. Bangkok, Thailand, pp.1782-(1)-1782-(7).
Sumner, M. E. and Stewart, B. A., 1992. Soil crusting: Chemical and physical processes.
Lewis Publisher, Boca Raton.
Tabatabai, M. A. and Dick, W. A., 1979. Hydrolysis of organic and inorganic phosphorus
compounds added to soils. Geoderma, 21. pp. 175-182.
Tabatabai, M. A., Fu, M. H. and Basta, N. T., 1992. Effect of cropping systems on
nitrification in soils. Commun. Soil. Sci. Plant Anal., 23. pp. 1885-1891.
Tabatabai, M. A., 1994. Soil enzymes, in Weaver, R.W., Angle, J.S. and Bottomley, P.S.,
eds., Methods of soil analysis, part 2. Microbial and biochemical properties. SSSA, pp. 775-
833.
References176
Tadano, T., Ozawa, K., Sakai, H., Osaki, M. and Matsui, H., 1993. Secretion of acid
phosphatase by roots of crop plants under phosphorus deficient conditions and some
properties of the enzyme secreted by lupin roots. Plant and Soil, 155/156. pp. 95-98.
Tarafdar, J. C. and Claassen, N., 1988. Organic phosphorus compounds as a phosphorus
source for higher plants through the activity of phosphatases produced by plant roots and
microorganisms. Biology and Fertility of Soils, 5. pp. 308-312.
Tarafdar, J. C. and Marschner, H., 1994. Phosphatase activity in the rhizosphere and
hydrosphere of VA mycorrhizial wheat supplied with inorganic and organic phosphorus. Soil
Biology and Biochemistry, 26. pp. 387-395.
Tate, K. R., 1984. The biological transformation of P in soil. Plant and Soil, 76. pp. 245-256.
Tate, K. R., Ross, D. J. and Feltham, C. W., 1988. A direct extraction method to estimate
soil microbial C: effects of experimental variables and some different calibration procedures.
Soil Biology and Biochemistry, 20. pp. 329-355.
Taylor, J. P., Wilson, B., Mills, M. S. and Burns, R. G., 2002. Comparison of microbial
numbers and enzymatic activities in surface soils and subsoils using various techniques. Soil
Biology and Biochemistry, 34. pp. 387-401.
Tessier, L., Gregorich, E. G. and Topp, E., 1998. Spatial variation of soil microbial biomass
measured by the fumigation extraction method, and Kec as affected by depth and manure
application. Soil Biology and Biochemistry, 30. pp. 1369-1377.
Tisdall, J. M., Cockroft, B. and Uren, N. C., 1978. The stability of soil aggregates as
affected by organic materials microbial activity and physical disruption. Aust. J. Soil
Research, 16. pp. 9-17.
Tisdall, J. M. and Oades, J. M., 1982. Organic matter and water-stable aggregates in soils.
Journal of Soil Science, 33. pp. 141-163.
Tisdall, J.M., 1996. Formation of soil aggregates and accumulation of organic matter, in
Carter, M. and Stewart, B., eds., structure and organic matter storage in agricultural soils.
CRC-Lewis., pp. 57-96.
Trasar-Cepeda, C., Leirós, C., Gil-Sotres, F. and Seoane, S., 1998. Towards a
biochemical quality index for soils: an expression relating several biological and biochemical
properties. Biology and Fertility of Soils, 26. pp. 100-106.
Turner, B. I., Baxter, R. and Whitton, B. A., 2002. Seasonal phosphatase activity in three
characteristic soils of the English uplands polluted by long term atmospheric nitrogen
deposition. Environmental Pollution, 120. pp. 313-317.
Unger, P. W., 1992. Infiltration of simulated rainfall: tillage system and crop residue effects.
Soil Sci. Soc. Am. J., 56. pp. 283-289.
Usón, A. and Poch, R. M., 2000. Effects of tillage and management practices on soil crust
morphology under a Mediterranean environment. Soil and tillage research, 54. pp. 191-196.
References 177
Van Dijk, P. M., Van der Zijp, M. and Kwaad, F. J. P. M., 1996. Soil erodibility parameters
under various cropping systems of maize. Hydrological Processes, 10. pp. 1061-1067.
Vance, E. D., Brookes, P. C. and Jenkinson, D. S., 1987. An extraction method for
measuring soil microbial C. Soil Biology and Biochemistry, 19. pp. 703-707.
Vanden-Bygaart, A. J., Protz, R., Tomlin, A. D. and Miller, J. J., 1999. Tillage system
effects on near-surface soil morphology: observations from the landscape to micro-scale in
silt loam soils of southwestern Ontario. Soil and tillage research, 51. pp. 139-149.
Vaughan, D. and Malcolm, R. E., 1985. Soil organic matter and biological activity. Nijhoff
Junk, Dordrecht.
Verchot, L. V. and Borelli, T., 2005. Application of para-nitrophenol (pNP) enzyme assays
in degraded tropical soils. Soil Biology and Biochemistry, 37. pp. 625-633.
Wakindiki, I. I. C. and Ben-Hur, M., 2002. Soil mineralogy and texture effects on crust
micromorphology, infiltration, and erosion. Soil Sci. Soc. Am. Proc., 66. pp. 897-905.
Wallenfels, K. and Weil, R., 1972. ß-Galactosidase, in Boyer, P., eds., The Enzymes.
Academic Press, pp. 617-663.
Wander, M. M., Traina, S. J., Stinner, B. R., Peters; S. E. and S. E., 1994. Organic and
conventional management on biologically active organic matter pools. Soil Sci. Soc. Am. J.,
in Dinga et al, 2002, 58. pp. 1130–1139.
Wander, M. M. and Traina, S. J., 1996. Organic fractions from organically and
conventionally managed soils: I. Carbon and nitrogen distribution. Soil Sci. Soc. Am. J., in
Dinga et al, 200260. pp. 1081–1087.
Wander, M. M. and Bollero, G. A., 1999. Soil quality assessment of tillage impacts in
Illinois. Soil Sci. Soc. Am. J., 63. pp. 961-971.
Wander, M. M., Yang, X., 2000. Influence of tillage on the dynamics of loose and occluded
particulate and humified organic matter fractions. Soil Biology and Biochemistry, 32. pp.
1151-1160.
Weigand, S., Auerswald, K. and Beck, T., 1995. Microbial biomass in agricultural top soils
after 6 years of bare fallow. Biology and Fertility of Soils, 19. pp. 129-134.
Wells, R. R., DiCarlo, D. A., Steenhuis, T. S., Parlange,  J.-Y., Römkens,  M. J. M. and
Prasad, S. N., 2003. Infiltration and surface geometry features of a swelling soil following
successive simulated rainstorms. Soil Sci. Soc. Am. J., 67. pp. 1344-1351.
Wendt, R. C. and Bunwell, R. E., 1985. and soil losses for conventional, reduced, and no-till
corn. J. Soil Water Conserv., 40. pp. 450-454.
Wick, B., 1997. Microbiological indicators for quality of soils at various stages of degradation
in the forest-savanna-transition zone, south-western Nigeria. Georg-August-Universität ,
Göttingen.
References178
Witter, E. and Dahlin, S., 1995. Microbial utilization of (U-14C) labelled straw and (U-13C)
labelled glucose in soil of contrasting pH and metal status. Soil Biology and Biochemistry, 27.
pp. 1507-1516.
Wright, A. L. and Hons, F. M., 2005. Tillage impacts on soil aggregation and carbon and
nitrogen sequestration under wheat cropping sequences. Soil and tillage research, 84. pp.
67-75.
Wu, F. Q. and Fan, W. B., 2002. Analysis on factors affecting soil crust formation on slope
farmland. J. Soil Water Conserv., 16. pp. 33-36.
Yadav, R. S. and Tarafdar, J. C., 2001. Influence of organic and inorganic phosphorus
supply on the maximum secretion of acid phosphatase by plants. Biology and Fertility of
Soils, 34. pp. 140-143.
Youngs, E. G. and Leeds-Harrison, P. B., 1990. Aspects of transport processes in
aggregated soils. Journal of Soil Science, 41. pp. 665-675.
Yu, S., He, Z. L., Stoffella, P. J., Calvert, D. V., Yang, X. E., Banks, D. J. and
Baligar, V. C., 2006. Surface runoff phosphorus (P) loss in relation to phosphatase and soil
P fractions in Florida sandy soils under citrus production. Soil Biology and Biochemistry, 38.
pp. 619-628.
Zhang, G. S., Chan, K. Y., Oates, A., Heenan, D. P. and Huang, G. B., 2006. Relationship
between soil structure and runoff/soil loss after 24 years of conservation tillage. Soil and
tillage research, in Press.
Zimmermann, A. R., Chorover, J., Goyne, K. W. and Brantley, S. L., 2004. Protection of
mesopore-adsorbed organic matter from enzymatic degradation. Environmental Science and
Technology, 38. pp. 4542-4548.
Zotarelli, L., Alves, B. J. R., Urquiaga,  S., Torres, E., dos Santos,   H. P., Paustian, K.,
Boddey, R. M. and Six, J., 2005. Impact of tillage and crop rotation on aggregate-
associated carbon in two oxisols. Soil Sci. Soc. Am. J., 69. pp. 482-491.
Annex 179
9 Annex
Annex 1 General standard for plant production of the “Naturland” Association for
Organic Agriculture for the Old and Young Organic Farming sites..........................180
Annex 2 Soil temperature 3 cm below the soil surface* during the rainfall experiment in
the OOF, YOF and CF soil boxes ...........................................................................181
Annex 3 Nitrogen content at the OOF, YOF and CF sites in the field (a) and laboratory
rainfall experiment (b).............................................................................................182
Annex 4 C/N ratio at the OOF, YOF and CF sites in the field (a) and laboratory rainfall
experiment (b) ........................................................................................................183
Annex 5 pH-value at the OOF, YOF and CF sites in the field (a) and laboratory rainfall
experiment (b) ........................................................................................................184
Annex 6 Activity of ß-glucosidase (Glu), acid-phosphatase (Pho), soil temperature
(temp) and soil moisture as well as cultivation practices at the OOF site in 2004
and 2005 ................................................................................................................185
Annex 7 Analysis of variance (ANOVA) for aggregation ratio in 2004, 2005, 2004/2005
in the field and rainfall experiment ..........................................................................185
Annex 8 Analysis of variance (ANOVA) for runoff in the rainfall experiment .......................185
Annex 9 Analysis of variance (ANOVA) for water tension 30 minutes and 60 minutes
after the rainfall experiment started.........................................................................185
Annex180
Annex 1 General standard for plant production of the “Naturland” Association for Organic Agriculture
for the Old and Young Organic Farming sites
Old Organic Farming site (OOF) Young Organic Farming site (YOF)
1. Humus management and fertilization
? “The humus balance has to be at least at equilibrium within the margin of varied crop
rotation. For permanent crops, this has to be guaranteed by adequate measures such as
undersown crops, catch crops, or permanent ground coverage.”
? “Biodegradable matter of microbe, vegetable or animal origin forms the basis of fertilization.”
? “Given the importance of a balanced lime level for topsoil stability, for the structure and thus
the fertility of the soil, and because of acid absorption through precipitation, special attention
has to be paid to an adequate lime supply with respect to the area.”
2. Pest, disease and weed control
? “To encourage healthy plants, prophylactic measures such as crop rotation appropriate to
the site in question, tillage, humus management and fertilization, the choice of appropriate
stand densities as well as the selection of healthy and resistant plants and seeds is the most
important considerations.”
? “The use of synthetic chemical substances is prohibited.”
? “Weeds are, as accompanying plants of crops and as the habitat of fauna, a prerequisite for
a varied community of species.”
4. Tillage
? “The tillage process shall be such as to conserve the natural layers of the soil structure. This
is done by employing the appropriate machinery. Special attention must be paid to the
adequate humidity of the soil during the tilling process.”
5. Soil and water conservation
? “Measures suitable to avoid the erosion of soil must be taken. Excessive exploitation and
exhaustion of water resources is not allowed.”
6. Crop production
? “Crop rotation is the basis of agricultural plant production on which the biological cycle in
organic agriculture is founded.”
? “During crop rotation, winter and summer crops should complement each other in their
effects to prevent the negative developments of monoculture.”
? “Special attention has to be paid to ensuring sufficiently long periods between the cultivation
of the same kind of crops.”
? “The washing out of nutrients must be prevented by suitable cultivation measures (e.g.
undergrowth, plowing rotas commensurate with local conditions).”
http://www.naturland.de, date of access: 04.09.2006.
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Annex 7 Analysis of variance (ANOVA) for aggregation ratio in 2004, 2005, 2004/2005 in the field and
rainfall experiment
agg. ratio-2004 OOF YOF
YOF 0.0072
CF 0.2009 0.0001
agg. ratio-2005 OOF YOF
YOF 0.0584
CF 0.0563 0.0003
agg. ratio-04/05 OOF YOF
YOF 0.0010
CF 0.0262 0.0000
agg. ratio-rain OOF YOF
YOF 0.8547
CF 0.6009 0.4819
Bold numbers indicate significant differences
Annex 8 Analysis of variance (ANOVA) for runoff in the rainfall experiment
runoff
OOF
rainfall exp
YOF
rainfall exp
OOF
YOF 0.4030
CF 0.0374 0.1752
Bold numbers indicate significant differences
Annex 9 Analysis of variance (ANOVA) for water tension 30 minutes and 60 minutes after the rainfall
experiment started
water tension
after 30 min.
OOF
rainfall exp
YOF
rainfall exp
YOF 0.4781
CF 0.0060 0.0262
water tension
after 60 min.
OOF
rainfall exp
YOF
rainfall exp
YOF 0.1189
CF 0.0003 0.0111
Bold numbers indicate significant differences
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